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TRANSLATORS PREFACE 



Since this work appeared in German in 1907 certain parts of the 
text have been extended by Professor Axenfeld, and the references to 
a number of later publications included. Although the whole of the 
literature for 1907 has not been analyzed and included in the lists, all 
the recent work of importance, or which modifies in any way views 
previously held, has been incorporated in the text. The aim of the 
translator has been to keep as close to the original as possible ; the 
carrying out of this aim has been facilitated by the kindness of the 
author in looking over the proofs. 

The nomenclature used throughout is that authorized by the 
College of Physicians of London, and where that standard failed — for 
example, in the name of an organism — the name used by the first 
writer on the subject has been used in all cases where that oould be 
determined. 

The greatest care has been exercised to have the references exact. 
Regarding many foreign names of persons, it will be noted that the 
German spelling of Russian and other words has been followed. This 
is done because most of their work has been published or reviewed in 
that language. 

The importance of the subject, and the difficulty encountered by 
students in being driven to the original literature for every reference, 
together with the intrinsic merit of the work, are the reasons why it 
has been translated into English. 



ANGUS MACNAB. 



81, New Cavendish Street, 
August, 1908. 
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INTRODUCTION 



When- the large ' Handbook of the Pathogenic Miero-organiams ' was 
issued in 1903 by Kolle and 'Wassermann, it was my intention to 
enlarge and bring out in book form the material which I contributed 
to it. Other work has been given precedence, but in view of the oft- 
repeated request that I should carry out my intention, I cannot put it 
off any longer. 

In that Handbook, which was especially written for bacteriologiBta, 
the pathogenic organisms in ophthalmology were only discussed in so 
far as they showed special peculiarities. In this work, which is not 
only written for the bacteriologist, but also for the ophthalmic surgeon, 
a wider view is taken of the subject. 

For the common organisms also the necessary biological descrip- 
tions are given shortly, and a table at the end, in the style of Lehmann 
and Neumann, makes the comparison and diagnosis by culture easy. 

Several new chapters appear: 'The Normal Conjunctiva'; 'The 
Bacteriological Basis ot our Asepsis, and of Wound Infection'; 
'Diseases of the Lids'; 'The Orbit'; 'Endogenous Infection of the 
Eye.' Syphilis, leprosy, and tubercle are also discussed. The other 
chapters are an extended revision of what appeared in the Handbook. 
Foe convenience, especially in teaching, I have added special instructions 
in the technique of the examination and diagnosis of cases coming 
within scope of this work. 

Naturally no complete statement of general bacteriological principles 
will be undertaken. Every modern medical man has had the oppor- 
ttmity of becoming acquainted with the elementary facts regarding 
the bacteria, and the means by which their study is carried out, and 
the textbooks of hygiene and bacteinology can be consulted for any 
special points. Nor ^does a complete statement of the question of 
immunity come into the range ot this volume, though it has been 
taken into consideration in the study of the infectious eye diseases, 
their diagnosis and treatment. 
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A distinction must be drawn between those who are students of 
scientific bacteriological problems, and who must be expert bacteriolo- 
gists, and the larger number who, without having acquired such 
bacteriological skill, still wish to become familiar with this important 
subject of etiology, and also to make use of the ascertained facts to 
decide clinical, statistical, and therapeutical questions, as well as those 
who desire to examine clinically the exudations in their cases. Here 
a wide and profitable field is open. 

In the last-mentioned class the best results are got by those who 
examine the most cases ; these people often obtain useful information. 
The busy practitioner who considers that ho has not time for such 
examinations in his consulting-rooms will still require bacteriological 
assistance in cases of severe epidemics, inflammations, and corneal 
suppurations, and as a preliminary to many operations. While those 
who wish to make use of serum and other allied forms of treatment 
cannot do without examinations of the body fluids ; and even though 
the methods are in their infancy, in some instances valuable results 
have been obtained. 

Although the laboratories throughout the country for the diagnosis 
of diphtheria can be used by the ophthalmic surgeon for many other 
diagnoses, much will remain to be done by the surgeon who is in even 
these favoured circumstances. 

Even in the absence of trained assistance one can be greatly 
assisted in the examination of pathological secretions and exudates 
if the fixation. Gram staining and mounting, be done by a nurse or 
other person ; they rapidly learn the manipulation necessary, and 
then the surgeon need only undertake the collection of the material 
and its microscopical examination, and this certainly does not take 
much time. Those who do not even have this amount of assistance 
can at any rate rub the material on to a slide and examine the 
specimen later. 

I am becoming more and more convinced that those surgeons who 
will themselves make use of the Gram^ method of staining in the 
examination of a smear preparation will soon give up their sceptical 
and doubting attitude. As bacteriological apparatus is to be found in 
every modern ophthalmic hospital, we can expect that in the future 
every young oculist will find opportunity during his time as assistant 
for the necessary work. Such men will never dispense with clinical 
bacteriology, for it is the aim and the pride of the modern surgeon to 
determine the origin of the disease with which he has to deal, 
and to use every possible care in his treatment. Even those whose 
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student days belong to the more distant past can at least learn to 
make a simple smear preparation and Gnd it useful. 

AVhile for the scientific student it would be desirable to record every 
detail which the literature affords, for the practitioner a shorter text- 
book seems perhaps to he sufficient. I am of the opinion that these 
two points of view should not be separated. The practical points can 
be emphasized, and I hope that by the plates, the illustrations from 
secretions, and the introductory remarks to the sections, as well as 
by the special chapters on the secretion-findings, this book may 
serve to put a due value on clinical bacteriological differential diagnosis. 
It our diagnosis is not to be merely schematic, it must closely follow 
scientific thought. I hope also that the simple emmination of the 
secretions may induce many to go more fully into the subject, and 
that in the future surgeons during their student days will pay more 
attention to these ijuestions. 

In the ophthalmological lit-erature there has till now been no book 
through which the ophthalmic surgeon can post himself up in this 
subject.' 

Bacteriological ijuestiona begin to be more or less thoroughly dis- 
cussed in the ophthalmological textbooks. The subject of Conjunc- 
tival Diseases in the second edition of Saemisch's ' Handbuch der 
gesamten Augenbeilkunde,' and also the article by Morax in the 
' Encyclop^die franvaiae d'Ophthalmologie,' published some years ago, 
fully consider the bacteriology of conjunctival diseases. All these 
accounts, however, require to be collected and extended. On the other 
hand, the bacteriological textbooks treat these interesting questions 
either very shortly or not at all, particularly as the very comprehensive 
ophthalmological literature is only to a very small extent at their 



I have laid especial importance on the illustrations, and in this I 
am gratefully indebted to the support of my assistants, Drs. Stock, 
Agrieola, Brons, Kupprecht, and especially to the publishing house of 
Gustave Fisher. Mr. Johnsen, an artist of great experience in this 
kind of work, has produced the coloured plates, which are all of the 
same magnification, and stained exclusively by Gram's method, repre- 
senting the important findings absolutely true to nature. For this 
purpose I have only used preparations made from ophthalmic cases; 
for it would not be advisable in the case of the l'iii-uiiiix:<icnia, for 

' ' Ophlhalmologie Microbienne,' Galirieiidts (Constaiitino|iltf, 1908), ■iipatrvd nlii:n this 
book Tu ready for the press. It Hintainit tlip u]ilithiilinn-bii<.'t«riali>ciC'al liteiBiniv, tnoHily 
frian French reviews, but it hudlj coutaitia >uy ilhistratioiia, and is ftrran^jed in ijuitv 
another msnuer. 
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example, to have a drawing made from a pneumonic sputum, as in the 
latter the appearance can be different from that of the conjunctival 
secretion. 

For diagnosis I consider that coloured plates are better than micro- 
photographs. Though the latter are very valuable — yet even with the 
best technique many fine details do not appear so distinct as to make 
the picture absolutely clear — I need merely refer to the fact, for 
example, that we hardly possess an absolutely good photograph of 
a secretion preparation containing Koch-Weeks bacilli.^ Either from 
over-exposure, or from over-etaining (to make them more obvious), the 
bacilli are too thick, and many of the finest rods are not represented. 
It is also a great advantage to represent the contrast of the Gram 
stain, and to emphasize from the first the reaction of the bacteria to 
this diagnostic method which is the most useful in everyday work. 
In other ways I do not undervalue micro-photography, as is seen from 
the text of this book. 

I have attempted to describe the organisms which are exclusively or 
principally pathogenic for the eye as fully as the available material 
would allow ; and with regard to the others, while I have emphasized 
all ophthalmic work in the general bacteriological literature, I have 
only done so with regard to the most important. Those who would 
study the latter fully must naturally make use of the bacteriological 
text and handbooks. 

The subdivision of the material presented some difficulty. Anyone 
who inquires into ophthalmic bacteriology, or would like to determine 
the importance to be ascribed to any finding, will wish to ascertain 
not only where and with what results the bacterium is to be found in 
ophthalmology, but also to observe the clinical appearances, and 
decide what is the cause of infection in the particular case. 

The easiest way would have been to have gone through the whole 
material twice, once according to the bacteria, and again according to 
the clinical appearaces. This would, however, make the field too 
wide, and cause numerous repetitions. 

Under these circumstances I have chosen a clinical division, for 
I thought that a purely bacteriological one would have been more 
difficult, and would have been less likely to arouse the interest and 
co-operation of ophthalmic surgeons. I have not held rigidly to this 
principle, for just as the clinical picture sometimes is the most 
important, so sometimes the one point of view, and sometimes the 

^ The best wliith I know of are bv Heini. 
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other, is to be preferred for the purposes of description. Many sub- 
divisions are therefore made according to the organisms present, as, 
for example, that of the conjunctival infections. 

The bacteriological view of the other sections is retained by 
Dr. Buprecht's carefully-arranged index, showing the occurrence of 
the organisms in their various positions, and by the cross-references 
in the individual chapters to the other localities. 

An account of the biology of the most important bacteria in this 
book is given where they first come under our notice, or in the place 
which is most important for the individual bacterium. The tables at 
the end also assist in the determination of the findings. 

I hope that the order taken is valid ; a purely bacteriological point 
of view is undesirable in clinical use; we must make the bacterio- 
logical amplify clinical experience. 

In this I have been guided by my teaching experience. These 
principles have been used in the courses of ophthalmo-bacteriology 
which have been held from time to time in the Freiburg Hospital. 

May this book spread in ever wider circles the view that bacterio- 
logical examination is not merely scientifically useful, but is necessary 
for our daily clinical use. Those who do not freely examine for bacteria 
in their practice will not assist their patients in many of the ways which 
are possible. 



TH. AXENFELD. 



Fkieburo I. Br., 
January f 1908 



ERRATA 

Page 62, line 2, for * sclerosis/ read * B. xerosis.* 
Pages 90 and 91, /or the word * stems,' read * strains.' 
Page 124, line 82, /or * improved/ read * miproved.' 
Page 126, line 12, /or * conjunctiva/ read * cornea.' 
Page 170, third line from foot, delete ' cannot.* 
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REMARKS ON TECHNIQUE 

The Technique of Examining Cases. 

It IB possible to acijuire all the important facts in opbtlialmic 
bacteriology with the aid of but simple apparatus. The mere 
examination of a film gives a great deal of information, and for 
the preparation and examination of cultures all that is necessary 
IB the well-known bacteriological apparatus as arranged by Lauten- 
schliiger, Bohrbeck, and others. This is quite suAicient if no special 

, scientific research is to be made. 

We must assume a fair amount of general knowledge, but there 

tare several practical points which must also be emphasized. 
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The Collection and Preparation of Material. 

It ia absulately iiecessaif/, in dealing with both external and internal 
'iteases, lliat iitaturial shouid be collected at a suitable stage of the 
\4iseaae. 

\. The CoNJiiNciiVA. 

In many forma of conjunctivitiB (f-y., pneumococcal) the cbarae- 

teristic findings in the secretion can only be obtained during that 

period in which the disease is developing, or is at its height. When that 

point has passed, and the intlammatioQ begins to subside, although 

the discharge may still be profuse, the actual causal agent can dis- 

I appear rapidly, but the discharge lessens more slowly. In the stage 

I of regression we find the common conjunctival inhabitants, especially 

ttStaphylococci and Xerosix baiilli, in much larger numbers. These 

I previously were often completely — or, at least, to a considerable extent 

;hoked out by some particular pathogenic organism. This is true 
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when dealing with a single case, and also when an epidemic is being 
considered. In the latter instance, therefore, those cases should 
always be examined which have not yet passed the height of the 
inflammation. 

The discharge should be taken from the conjunctival surface, 
avoiding contamination as far as possible, and it should be collected 
before it has come in contact with the angles or margins of the lids. 
In many instances a pure culture will thus be obtained, and the 
causal organism alone will be seen in the smears. If, however, any 
contamination with the lids or skin should occur, the preparation will 
sbow a more or less free admixture of skin organisms, especially 
Staphylococci and Xerosis. When, as often happens, the discharge is 
so scanty that it cannot be thus obtained from the conjunctiva, 
we must use that which collects at the inner angle for our preparations. 
Such is often the case in slight cases of diplobacillary conjunctivitis. 
The preponderance of the true pathogenic organism over the others 
will still be quite marked. If we wish to make cultures in such cases, 
it is better not to use the secretion at the angles, but to pass the loop 
(K) and fro in the moist lower fornix ; some organisms will thus be 
collected, generally in sufficient numbers for culture purposes. 

.To make a microscope slide a. small flocculent mass of the secretion 
is obtained, as free as possible from tears ; this is then rubbed 
with the platinum loop on a carefully cleaned slide, so as to form 
an even, thin layer. It is especially necessary that the layer should 
be thin and even, for with Gram's staining the same organism may 
show positive or negative, according to the thickness of the tissue 
and the varying protection thus afifbrded it against the decolorizer. 

Under the heading 'Conjunctivitis ' this subject is fully treated. 

2. The Gobnba. 

To avoid injury to the tissues the greatest care must be exercised in 
obtaining material from corneal infiltrates or ulcers. The eye must 
be cocained and kept perfectly still, either by fixation through the lids 
with the fingers, or by forceps and speculum. 

The secretion is carefully wiped away from the cornea with a sterile 
swab, and some of it kept for examination. We must not, however, 
put too much reliance on the examination of this secretion, for 
the true exciter of a corneal process is frequently not found on the 
surface, but lies deeply placed in the infiltrated corneal tissue ; for 
example, in cases of diplobacillary conjunctivitis the cornea may be 
infected by Pneumococci (Hoffmann, Zur Nedden). This explains why 
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many earlier writers often failed to find the cause of hypopyon-keratitis 
and ulcus serpens. 

It is important in deciding the diagnosis to obtain material from the 
actual infiltrated tissue. This must be done with (he greatest of 
caution, as the scraping can loosen the tissues and result in a further 
spread of the infection. In deeply-placed infiltrates this examination 
should not be insisted upon, especially when the lesion is central. 
A movement of the patient's eye may cause the point of the instrument 
which is in contact with the infected focus to penetrate and infect the 
cornea more deeply. I can remember several cases which have thus 
been made worse ; and it is a rule in my clinic that, immediately after 
the bacteriological examination has been made, the requisite treatment 
should at once he applied (^..7., in diplobacillary cases zinc freely, 
in pneumococcal cases the cautery, etc.). This is naturally most 
important in purulent processes. 

The point of a sterile Graefe knife or needle carefully used is very 
suitable for removing the material. The cocained eye must be 
absolutely steady. For this purpose the speculum and forceps are 
often necessary, and have the added advantage of preventing con- 
tamination by the lid margins. In the case of ulcus serpens we must 
go carefully along the progressive margin. For this purpose Romer 
uses a platinum needle. A small amount of material is obtained, and 
from it a culture should first be made, and then the rest rubbed out 
on a slide. If nothing can be found in the film, some more material 
must be taken. Cultures are often the more delicate test, especially 
when the organisms are experimentally increased, as, for instance, 
Pnetimococci in glycerine and rabbit-serum bouillon (Homer). In every 
case well-tried and susceptible media must be used for all corneal 
work. 

In many cases an examination of a Gram-stained preparation 
settles the question at once ; this is especially the case in deciding 
between diplobacillary and pneumococcal infections of the cornea — a 
most important diagnosis and one which is almost always thus decided. 
Sometimes we find cases where the slide preparation gives a positive 
result, but cultures are negative ; this is probably due to the scanty 
numbers of the organisms. 

This bacteriological examination is especially desirous in purulent 
affections of the cornea ; it is also valuable in many simple infiltrates, 
and can be recommended in every stubborn case. Peripherally situated 
infiltrations will l>e more readily tested thus, as the pupillary area of 
the cornea should not be interfered with unless absolutely necessary. 

1—2 
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Amongst the peripheral catarrhal infiltrates and ulcers many diplo- 
bacillary cases will be found, for which the zinc treatment far sur- 
passes all others. 

. Intra-ocular Diseases. 

Fluids taken from the anterior chamber by puncture or with a fine 
syringe can be similarly examined on a slide. In the case of purulent ' 
processes the actual cause may be demonstrated at once ; but it should 
be remembered that just as a sterile hypopyon can result from an 
infection of the cornea, so it can result from the influence of a distant 
focus deep in the eye. In many cases of perforating wounds I have 
found the hypopyon sterile and the vitreous infected. In this con- 
nexion it must be noted that the organism may have disappeared from 
the anterior chamber, and still remain in the more nutrient vitreous. 

When the eye is available after an exenteration or enucleation, 
material can be taken from several places, naturally with as little 
damage as possible to the specimen. The surface of the globe at the 
point of perforation should first be cauterized, to prevent any contami- 
nation with germs which may be adhering to it. 

In iritis a diagnostic puncture of the living eye has lately been 
recommended by Gourfein,* Morax and Chaillous,*- and Zur Nedden.* 
For this purpose the cornea is punctured obliquely with a cannula 
attached to a syringe, and the fluid which runs into the syringe is 
examined. In the case of acute iritis a slide should be prepared and 
stained in the method introduced by Giemsa to demonstrate the 
Sjnrochceta. In dealing with chronic iritis the important question 
arises. Is the case one of tuberculosis? and it is better to make 
inoculations with the aqueous obtained. Gourfein and Morax have 
thus inoculated tuberculosis in rabbits. Of course a negative result 
in such a case is of little value, as the organisms can remain in the 
iris, and not pass out into the aqueous. 

As in other exudations, the causal germs in an intra-ocular suppura- 
tion may die out after a varying time, which depends on the particular 
species of organism present (pathogenic B. subtilis dies rapidly ; other 
pyogenic organisms resist longer), on their number and virulence, and 
also on the method and site of their implantation (direct vitreous 
infection, with a simultaneous wound of the lens, favours their spread 
and persistence, while a pure infection of the aqueous, and many 
hsematogenous infections readily disappear). The resistance and 

» RccuciliVOphth., 1904, p. 434. 2 ^^^,^ d'OcuL, 1901, cxxvi., p. 119. 

« Vers. dcrDcut^hcii, OpIUh. Gcs., Heidel., 1906. 
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immunity, both of the organism generally and the particular tissue 
affected, have also an influence. Each of these circumatancea can 
modify the clinical progress of the disease, and also the inoculation 
results. We must therefore be very careful on obtaining a negative 
result not to commit the common error of rashly concluding that the 
case is not a septic process, but a pure case of ' toxic inHammation ' 
or a ' toxic metaatasia.' 

Inoculations should not generally be made from the interior of the 
living eye, as the introduction ol an inatrument is too risky. In deep 
wound infections, therefore, an etiological diagnosis can only excep- 
tionally be made intra titam oailt. Opportunity for inoculation is 
most usually given when a foreign body is removed; the foreign body 
should then be rubbed on agar, or introduced into bouillon. Enu- 
cleated eyes or esenterated contents, on the other hand, are very often 
available for examination. 



» 



Tough or compact materiat(concrements from the canaliculi, or the 
contenta of follicles, etc.) can be squeezed out with a sterile glass rod, 
or teased out in saline with sterile needles ; this is absolutely necessary 
when such material is to be used for direct injection into any test 
animal. Moras uses a method of treating trachoma follicles by 
rubbing them down with sand before inoculating them on to the 
medium. 

Staining: Methods. 

The material is spread out on a slide, dried in the air, and 
then passed three times through a flame to fix it. In the case of 
bouillon cultures the drying process must be carefully attended to, 
for when a damp preparation is drawn through the flame the bacteria 
in it may he very distorted. It is sometimes useful to fix by alcohol 
or sublimate, in which the air-dried film is laid for about ten minutes ; 
in the case of sublimate the preparation must be passed through an 
alcoholic solution of iodine, and then ordinary alcohol before staining. 

When stained the preparation can be examined in water under a 
cover-glass. Many details are thus shown more clearly than when it 
is in balsam ; single individuals appear larger, and the features of 
very small organisms, aucb as Koch-Weeks and influenza, are more 
readily seen. Such preparations can again be dried and mounted in 
balsam. 

For a simple aniline stain Lbfiler's methylene blue (Liiffler's 
nnivereal method), and dilute carbol fuchsin can be recommended. 
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There are a few details reqairing attention if good Gram preparations are to be 
obtained : 

(a) The discharge mast be spread out on a perfectly clean slide in as thin and 
uniform a layer as possible. When the thickness of the film varies, those parts 
should be examined which are uniformly thin. At places where the material is 
heaped up on the slide the reagents do not penetrate, and organisms which really 
are Gram-positive (c.^., Xe^rosia) may appear Gram-negative, being stained by the 
contrast dye. At such places positive and negative individuals of the same species 
may lie one over the other. At other times in a clump of discharge a Gram- 
negative organism may appear blue where the decolorizing alcohol has not been 
able to penetrate. 

(6) The whole film should be rapidly covered with the stain. 

(c) Do not overdo the iodine. 

(d) Thoroughly wash away the alcohol with water. 

(e) Avoid overstaining with the contrast dye, excess of which must be thoroughly 
washed away. Acid-safranin and fuchsin spoil the blue gentian colour; and we 
often notice after several weeks that the blue colour has disappeared, and has been 
replaced by red.^ 

(J) The anilin-gentian-violet must be often renewed — best every three to four 
weeks. Czaplewski's carbol gentian is more stable. 

To be absolutely certain when examining a new organism we should 
place on the slide beside the film some well-known Gram-positive 
bacterium, such as a fresh culture of Staphylococcus or B. xerosis. 
When this standard remains deep blue after the staining, then the 
solutions are satisfactory, and the less well-marked or negative 
staining of the other organism is demonstrated. 

When bacteria stain but slightly positive ('amphoter'), and the 
colour is partly reddish or red, a film should be stained without any 
contrast colour, for in the case of these microbes the violet is perhaps 
only loosely fixed by the iodine, and is easily overcome by the 
contract dye. 

There are undoubted variations in the action of the Gram stain. 
Involution forms often do not take it up ; e.g., in exudations containing 
Sid)tilis, individuals are seen which are Gram-negative. 

Amongst the negative bacteria the Gpnococcus most rapidly loses 
its colour ; it is completely decolorized {i.e., shows the contrast 
stain) when the cell nuclei and the mucin in the film are still blue. 
None of the other negative organisms give up the colour so rapidly. 
Diplobacillus, Bact. coli, Bac. Friedldnder are usually not completely 
decolorized so long as the blue remains in the tissues around. 
Koch-Weeks bacillus, influenza bacillus, MeniiKjococcus, and yiicr. 
catarrhalis decolorize rapidly, like the Gonococcus. Many authors con- 
sider this rapid loss of colour as of value in differential diagnosis, 

^ This occurs, as a rule, in old films, which therefore are unsuitable for demonstration. 
The balsam can be removed, and the film staiued afresli. 
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and V. Lingelsheitu advises that the alcohol should be only used for 
thirty seconds. It certainly should not be left on too long, for many 
positive organisms will in time lose their colour. With the original 
Gram solution, which stained slowly and leas intensely, organisms 
were often called negative which we now know to be positive (see 
' Gonococcus '). Only those organisms should be called negative 
which, after the techniijue recommended, completely lose their blue 
colour. The Jadassohn modification gives so intense a stain that the 
alcohol can be used as long as the colour is obviously being washed 
out. A good and diagnostic contrast is thus obtained. 

The same techniijue should always be used, and in scientific work, 
in questions of this kind, it is best to state how the Gram stain was 
applied. 

The organisms of interest in ophthalmology which stain positive are : 

Most of the Saicijtie ,■ 
Staphylococci, Slreptococci, Piieumococci ; 
Bacilli of the Diphtheria and SubtUis groups ; 
Bac. per/rinf/em (ChaillouB) ; 

Asperijillus fiimi'iatus, Slrcptothiix, and ActinomyceH. 
Staining negative are ; 
Bacilli of Koch-Weeks and Pfeiffer (L, Miiller, induenza) ; 
Diplobacillus of Morax-Axenfeld and Petit; 
The Coli group ; 

Gonococcus, Meuiugococcus, Miri: calarrhalis ; 
Bac. pyocyaneui ; 
Group of Fiiedlander's pncitiiiubiicillux. 

Staining' of Sections. 

For the examination of bacteria in sections hardening in formol is 
best. Sublimate, too, can be used if it be thoroughly removed after- 
wards by iodine ; Zenker's fluid also, if only used for a short time 
and then thoroughly washed away. Similarly, MuUer's fluid, if for 
a still shorter time, and still more thoroughly washed away. These 
latter are not so good. 

For sections of the whole eye celloidin embedding is better than 
paraffin ; small piecoB of a tissue, however, stain very well after 
paraffin. 

For all Gram-positive organisms {e.g., I'neumococci in sections of 
an ulcus serpens) the most suitable stain is Weigeri's modificatioD of 
Gram, which stains fibrin also. 
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them, 80 that in individual coses a variety of methods ntay be 
available. 

1. Nicolle'B Tlliollill. — Saturated solution of thionin in M) per cent, alcohol, 
10 partx ; I per cent, carbolic acid in water, 100 parts. Stain for about one minute ; 
wash with water, alcohol, xylol, balsam. 

2. Pappenheim's Staia.' — Fix sectiona or tilms in alcohol or eublimate : embed 
in paraffin, etc. ; alain in a solution o( methylene green, 2 pinebca (amount on the 
point of a knifei ; pyronin, 1 pinch ; aij. diet., 5 c.em. Mis and leave foe fourteen 
days, then filter, and stain for five minutes; differentiate in a dieh of absolute 
alcohol containing 3 pinches of rcsorcln, then pass through absolute alcohol 
and xylol. 

3. PolycIirDme Methylene Blue it'nna,^ after E. Frankdi.— After staining the 
sections for ecvtral hours in the polychrome methylene blue, they are dllTerenliated 
in Unna's tauniii-oranf;e mixture, washed in water, and then taken throuRb alcohol 
and oil into balsam. If the staining has been euccessful, the nuclei and bacteria 
are blue, the red blood-corpuscles orange, and the collagen tissues unstained. 

4. Zieler's Stain.— Fix in Hilller's fonnol ; embed in paraffin, or remove celloidin 
before staining.^ Stain over-night leight to twenty-four houra) in Pranter's weak 
orcein solution ('orcein D [Grilbier], 1 part : official nitric acid, 2 parts ; 70 per cent. 
alcohol, 100 parts) ; rapidly wash in TO per cent, alcohol, then in water. Stain in 
polychrome methylene blue for ten minute* to two hours; wash in water. 
Thoroughly differentiate in Griibler's glycerine-ether mixture ; waah in distilled 
water. Take through TO per cent, alcohol into aba. alcohol, then xylol to balsam. 
The bacteria are dark blue or blue-black. 

5. E- S. Thomsoii's^ Oarbol Tolnidin. — Etjual parta of 1 per cent, toluidin and 
1 to 2 per cent, formol in water ; stain for fifteen to thirty minutes; decolorize in 
95 per cent, alcohol; if this be difficult, add a drop or two of glacial acetic add, 
and again pass through 95 per cent, alcohol. 

Clear in carbol xylol, origanum oil, and balsam. Good reeults were often 
obtained by this method by the introducer. 

Both paraffin and celloidin sections often stain well with warm Liilller's 
methylene btue.^ The dye is carefully filtered and placed with tlie section in 
a closed watch-glass for one to twenty-four houra in the brood oven; it is 
then poured out into a larger dish with water, and then taken through alcohol. 
The degree of decolorise ation, and also the intensity of staining, can only be decided 
in any particular case by trial. In many cases the sections maybe placed in water 
acidulated with acetic acid, or some of the acid can be added to the alcohol. In 
other cases this will cause too much losa of colour. A little methylene blue can be 
Bometimes added to the alcohol to prevent too thorough a decolori nation. Then 
carbol xylol and balsam (oil must be aroided, as the sections bleach in it, or if used, 
some methylene blue should be added to the oil). 

The following sources of error must be avoided in all cases where 

Bacteria are stained in sections, or in fluids from the interior of the eye : 

' According to Mavun, better tlisu jtolychroine tuethylEQe blue. 
" Prepared by Clriibler (Leipzig). 

* Spread sectiou carefully ou the slide, dry with tilter-]iapDr ; drop uii a few drops of 
absolute alcohol and then aluohal and ether, and whcu section begins to dry waah qaiokly 
with 80 per cent, alcohol. Some celloidin must roirab, or the seotioii will fall to pieoe«. 

* 'The Staining and Examination of tlie Bacteria of the Eye by Simple FractJcal 
Methods '(Jour. Amer. Med. Aian., 1908). 

* A few drupe of hiKiuatoxyliu can be added (Wagenmannl. Hiematoxylin alone often 
■howB DTgamama when overstained, especially Stiiph'ilococci and Slrtptotoeei in luBSBes. 
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1. Mast Cells are often found in large numbers, especially in chronic inflamma- 
tions. Their shape conforms to that of the connective tissue around ; in the sclera, 
for instance, they are often elongated, so that sometimes it is only their processes 
which appear in a section. The stained protoplasmic granules, especially when 
derived from a breaking- down mast cell, at first glance are very like cocci, and take 
on Gram's stain. On closer examination the variable size of the granules and their 
connexion with a cell can be noted. 

2. Pigment. — Retinal pigment, in the form of crystalline granules or rods, can 
be found in various parts of the diseased eye. The beginner may sometimes 
mistake this, as it often takes up a little aniline dye. Careful observation will 
prevent such an error. The granules are yellowish, transparent, and strongly 
refractive. This is much better appreciated in daylight than in lamplight, when 
everything looks yellowish. 

3. All Solutions must be Quite Free from Organisms. — When staining 
sections of the eyeball, especially by the Gram-Weigert method, and on the slide, 
the sclera and optic nerve- sheath may fray out, and in the cracks incidental 
organisms may collect. In old lithium-carmine solutions cocci often occur. Filter 
every solution carefully. 

Capsule-Staining. 

(a) KletVs method : 

1. In alcohohc watery methylene blue (methylene blue, 1 ; alcohol, 10 ; 

water, 100) sections are warmed until the solution boils. 

2. Wash with water. 

8. Five seconds in solution of fuohsin, 1 ; alcohol, 10 ; water, 100. 
4. Wash in water and mount. 

Bacilli, blue ; capsiiles, red. Usually a good stain. 

(h) Friedldnder' 8 inetliod : 

1. Two minutes in 1 per cent, acetic acid. 

2. Wash and dry. 

3. Few seconds in anilin-water-gentian-violet. 

4. Wash dry, etc. 

Bacteria, dark violet ; capsules, light violet. 

(c) Johne 8 method : 

1. One to two minutes in a warm watery solution of methyl or 

gentian violet. 

2. Wash with water. 

3. Decolorize for ten seconds in 1 to 2 per cent, acetic acid. 

4. Wash with water ; examine in water. 

Result same as (b). 

(d) Kaufmann's m,ethod : 

1. Stain for several hours with cold LofHer's methylene blue, or for 

two hours in the oven. 

2. Wash with alkaline water (1 or 2 drops normal potash or soda in a 

large watch-glass of water). 

3. Dry. Stain with AgNOg | per cent, for two minutes. 

4. Wash again with alkaline water. 

5. Stain for thirty seconds in fuchsin (1 part of saturated alcohol 

solution to 20 parts of water). 

6. Wash for a few seconds in alkaline water. 

7. Dry and mount. ^^ 

The organisms are blue, the capsules red. 
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We use the term capsula when a clear apace is seen around every 
one, or around the majority, of the organisms in question. Several 
conditions may produce the same appearance : retraction of the 
surrounding medium, or of the coagulated Bubutance of the secretion. 
Bacteria appear to be encapauled when they lie in spaces produced by 
drying or heating. We should always note whether, in those parts 
of the preparation which are free from bacteria, similar clear spaces 
occur ; naturally here and there Bacteria may have fallen out, but 
generally there will be no hesitation about the nature of these 
retraction spaces. 

The capsules (mucous envelopes) are formed by the swelling of the 
ectoplasm, the outer layer of the bacterium. The majority of 
organisms which are generally considered to be capsule-free have a 
slight ectoplasm, which under special circumstances may become 
more obvious and quite visible. This is .^o with Sluiihi/Uicocciia, 
StrepUKoccM, Coli mmmiuiig, and others. This fine differentiation is, 
however, not very apparent in the ordinary preparation, where we 
only see the envelope when it is well developed. The bacteria with 
a swollen ectoplasm appear to have a clear space around, which 
epace, according to the amount of mucus it contains and the method 
of staining, will appear quite clear or coloured to a varying degree. 
We only use the expression ' well-marked capsule ' when such an 
appearance is found. 

The development of an ectoplasm is much less marked in I'uauno- 
cocci from a conjunctival secretion than from a pneumonic sputum. 
Preparations stained with a simple aniline dye show the capsules 
most clearly when examined in water. Gram-stained prejiarations in 
balsam show them less clearly or not at all (see Plate II.), In 
PiicuiiKK-o'xi from an ulcus serpens or mucocele, capsules are better 
seen. The clear spaces around stain very badly (in the allied Streptu- 
coccus mucosiis the capsule stains readily). On account of this slight 
tendency to the formation of capsules Heim placed the conjunctival 
Erankel-Weichselbaum Diplococcus intermediate between the Pncuiuo- 
coccua and the Stri'ptococens. The capsules, however, in pneumonic 
sputum are less well marked in the acute stage than in that of 
resolution, and the conjunctival J'neuni'icucci agree completely with the 
same organism from other sources. 

Capsules are always very clearly seen in Friedliinder's I'wamo- 
liacillug, but vary somewhat in appearance. In this group they are 
quite easily stained, not only with the special capsule stains, but also 
with simple aniline dyes. The Pneamubacilli in Plate I. and in Fig. 8 
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show this. Where the safranin is of medium intensity the bacilh are 
dark red and the capsules light red. In overstained preparations 
the capsule is bo dark that the bacillus appears to be very thick. At 
places where the film has been too much heated the capsule ia ahrunk, 
with a clear apace around it, but the red membrane can still be seen 
closely surrounding the bacillus. In many cultures clear spaces will 
be noticed where the him has been overheated, and still the bacilli 
are kept discrete by a faintly-stained membrane. 

The DiplobaciltuB possesses not nearly so definite a capsule. 
Using special stains, as did Bietti and Agricola (and Macnab for 
Diplobacillus of Petit) in my laboratory, an ectoplasm is readily seen. 



—PL'S FROM LaC] 




Pnbumdbacilli ; 



but it generally does not show any considerable width. In Gram 
(balsam) preparations the appearance of the capsule is very inconstant, 
and in many cases entirely fails, so that here we have a ready means 
of differentiating the Pnaimubacilliix. 

In preparations stained with simple aniline dyes and examined in 
water, the clear envelopes are more numerous and more visible, as is 
the case in photographs. 

It is quite correct, as Gifford stated, that the Diplobacillua has a 
capsule. In the differential diagnosis it must be emphasized that in 
Gram preparations especially the capsule is not marh-il. 1 have never 
seen stained capsules in a preparation made by this method and 
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counter-stained with safranin or fuchsin, as is the case with the Pncnmu- 
l>afiUti«. In cultures the capsules are not so frequent ; they may, 
however, be still quite distinct — e.ii., in the case of I'neumobavUH ; in 
a smear made from a. culture they appear to fuse together, and form 
a mass which separates the individual organisms from each other. 
At over-heated spots clear spaces are shown. Capsules are often seen 
in Pni'iimw.-ocri irom the condensed water, and occasionally, too, from 
the surface, of an aj;ar or blood-serum tube {rf. p. ISi, Fig. 321, 

In sections of hardened tissues — (^.(i., cornea infected with Pneiimo- 
coccl — ^the capsules are not clearly seen ; where large masses of the 
organism occur, it is obvious, from the looseness of their packing 
together, that some separating medium lies between the individuals. 



of Cilia 

1. Loffler'i nifthiid gives gooil ri^sulta. A surface agar culture, not more than 
twenty-four hours old, is taken, and its motility proved in a hangiug-drop. A 
cover-glasB ia prepared by cleaning with ether and alcohol, and heatlog on an iron 
pl&te. BO thai it is absolutely fat-tree. The merast trace of the culture is rubbed 
on the glaas in a drop of water ; after drying, fix by carefully pattsing three timea 
through a Hame. Too much heating damages the specimen. Mordant in the follow- 
ing BolutioQ : Tannin, 2 ; aqua, S ; sat. sol. ferri sulpb., 6 ; alcohol. 1. 

(a) Enough of this is run through a SlttT on to the cover-glass to entirely cover it. 
The whole is then carefully warmed until stoanaing (greater heat damages), and 
the mordant h allowed to act for one minute (longer is harmless). 

(6) Wash with water under a lap. 

(c) Rapidly wash in 96 per cent, alcohol. 

{d) Dry rapidly in a draught. 

(B) Btain with Ziehl's 
dist., 100. 

(Czaptewski recomtueni 
tion of cauBtio soda, is io a condition of suspension. i 

Enough of this Ziehl's solution is filtered on to 
warmed till steaming ; the tiuid is allowed to act for about five a 

if I Thoroughly wash, dry, and then mount in balsBm. 

a. Van Ermengem't Method. — Mordant (or five minutes with want) osmium 
mixture (60c.cm. of a 26 per cent, solution of tannin, 30 com. of a 2 per cent.osmic 
acid, 4 to 5 drops of glacial acetic ac). Wash first with water, then with alcohol, 
Moisten for several seconds with Ofi to 2*5 per cent. sol. of silver nit. ; then place for 
several seconds, without washing, in a mixture of ac. tannic, K ; ac. gallic., 5 ; sod 
acet., 10; aq. diet., 350; and back again into the silver till the preparation begins 
M blacken. Wash with water, dry, and moimt. 

3. Lura Val'enli'i Method. — Drop a few drops of 20 per cent. ac. tannic, on tlie 
preparation ; wash, warm for a short tinie with Ziehl's solution ; wash ; dry : and 
mount. According to Lehmann and Neumann, this simple method gives reliable 
results. 

I have often been able to confiroi the general experience that motility 
(in a hanging-drop) and the presence of cilia are very irregular, 



in : Fuchsin, 1 ; abs. alcohol, 10 ; fonuol, 5 ; aq. 
u anilin- water- fuchsin solution, which, by the addi- 
ir-glass, which is then 
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especially in many members of the Coli group. I had a strain from 
a blennorrhoea neonatorum, in which Bietti was only able to show move- 
ment in agar or bouillon cultures less than ten to twelve hours old. 
In twenty-four-hour-old cultures only cast-off cilia could be found. 
Another strain of Coli from a case of keratomalacia, which had been 
sent to me for control as non-motile, showed typical cilia and move- 
ment in a twelve-hour-old culture. In deciding a diagnosis this must 
be carefully watched, and it must be remembered that longer cultiva- 
tion can influence motility. 

Staining Spores. 

Mdller'a Method. — Combination of tubercle-staining with a previous mordanting 
with chromic acid. 

(a) The cover-glass film (fixed in a flame or absolute alcohol) is dipped for two 
minutes in chloroform, and washed with water. 

(6) Chromic acid 5 per cent, for one-half to two minutes. 

(c) Wash with water. 

(d) Carbol fuohsin heated to steaming for one minute. 

(e) Differentiate with 5 per cent, sulphuric acid till the red colour is almost gone. 
if) Thoroughly wash with water. 

ig) Aqueous methylene blue, or malachite green, one-half to one minute ; wash, 

dry, etc. 

(The organisms of the Subtilis group are the only spore-forming ones which we 
frequently meet with in ophthalmology. Teta/nus is rarely seen; other spore- 
formers very rarely.) 

Staining Methods for the Tubercle Bacillus. 

A, In Smear Preparations. 

Ziehl'NeeUen'a Method : 

(a) Stain with carbol fuchsin (ac. carbol. cryst., 5 ; alcohol, 10 ; fuchsin, 1 ; aq. 
dist., 100), warming till steaming for two minutes. 

(6) Decolorize in 20 per cent, nitric acid, or 25 per cent, sulphuric acid, for five 
seconds. 

(c) Decolorize in 60 per cent, alcohol till film is quite colourless. 

(d) Contrast stain with aqueous methylene blue ; wash with water, and mount. 
Frdnkel'Oabbet combines the decolorizing and the contrast stain. From the 

carbol fuchsin the film is put into the following mixture : — Alcohol, 50 ; sulphuric 
acid, 25 ; aq. dist., 100 ; and sufficient soHd methylene blue to produce a deep 
blue colour ; stained, then washed, etc. 

To distinguish between the tubercle and smegma bacillus, Bunge and Trantenroth 
recommend that the preparation be placed for fifteen minutes in absolute alcohol to 
remove all fat. The smegma bacillus will then have lost its acid-fast property ; the 
tubercle bacillus will not. Or (Weichselbaum) the stained preparation is put into a 
saturated solution of methylene blue in absolute alcohol for five to ten minutes, 
when the smegma bacillus will lose its red colour ; the tubercle bacillus will retain it 

B, Tubercle Bacilli in Sectiofis (which must be very thin). 

(a) Place the sections in Ziehl-Neelsen's carbol fuchsin for from twenty minutes to 
several hours in the oven (celloidin sections longer) ; then in 25^ per cent, nitric 
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aoiii, ten to thirty seconds 'or in a. 8 per cent, solution of hydrochloric acid in 70 per 
cent, alcohol, till the section is finite pale). If the section is still red, repeat the 
deeolorization. Wash carefully in water then aqueous methylene blae, five 
minutes; better (Cornet-Meyer), also in hsmatoxyhn. Wash, clear, and mount. 

(b) Borrel't Method. — Embed in celloidin or porallin. First atiun seotions 
in tuematox^lm (oompleta difierentiation) ; then stain in Ziehl-Nedsen's solution 
cold fortwenty-four hours (10 o.cm. sat. ale. fuchsin sol. + 100 c.cm. 5 percent, 
carbolic ac. in distilled water) ; wash with water ; put in 20 per cent, aqueous 
aniline hydrochloride for twenty to thirty seconds. Differentiate in 96 per cent. 
alcohol, carbol ijlol, balsam. 

Sublimate is best for liialion, especially if (Borrel) >'> per cent. ac. aocl. gloo. be 
added. Zenker's solution is also very good. Formol is objectionable, as after its use 
the tii«ues are strongly fuchsinophile. Alcohol filiation, too, ia less suitable. 



Lepra Bacillus— Staining in Sections iBaomgartea). 

Dilute alcohoUu solution of fuchsin [1 : 4) six to seven minutes ; differentiate with 
10 per cent, nitric acid in alcohol ; wash with water ; counter stain with methylene 
blue twenty to thirty seconds. 

Lepra bacilli, in contrast to tubercle bacilli, stain very rapidly, even with this 
dilute solution. 

Neiflser's Oranole Staining (Babes-Ernst Bodies in Badlli of the Dipbtherin 
Group). 

(a) Acetic methylene blue (cone. ale. methylene blue, 20; oq. disc, 950; oc. acet. 
glfto., 50) ; stain for one to three seconds. 

(6) Wash with water. 

(c) Contrast stain with Bismarck brown (Bisroorok brown, 2; boiling distilled 
water, 1,000; filter) for three to five seconds.' Bacilli appear light brown, and the 
granules dark blue (c/. Fig. 4). 

Neisser, in his latest paper, ri 



Methyle 
Alcohol 
Aq. dist. 
Acs 



Solution a. 
e blue powder 



t. glac. 



50 



Solution h. 
Crystal violet (Hochst) 
Alcohol 



Mix 2 parts of Solution b with 1 part of Solution a, stMn for one second, 
immediately wash with water, and stain with chrysoidln (t : 800 hot water and 
filter) for three Beoonds, wash, and dry. 

Scheller {Zenfmlhlati f. Bakt., 1905, ixxviii., lief., p. 6) recommends ten to fifteen 
seconds for each dye. 

For the diagnostic value of this stain, see chapter on ' Diphtheria,' p. 1B3. 

Bouj^'e Stain for the Diphtheria Group.— {I) Dahlia violet, 1 ; alcohol 90 per 
cent., 10; oq. dist. to 100. (2) Methyl green, 1 ; alcohol 90 per cent., 10; aq. dist. 
to 100. Mil 1 part of (1) with 3 parts of (2), and stain in the luisture for two 
IS without heat. Bacilli are red, granules violet. 



Stains for Spirochsta pallida (Scbandinn). 

The thinnest possible films oE the tissue are made^on slides or cover -glasses, and 
fixed in alcohol for fifteen minutes, or exposed to osmium vapour for a few seconds 
(S«haudlnn). 

' Ouplewski recomtneiida eight to ton seconds. 
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Giemta't Method of Siaining, — Giemsa aolation tor Ronianowsky atam, 1 to 
IJ drops ; water containing 1 to 10 drops of ^iAiD P"'- carb., 1 c.cm. Mix tresh 
every time, anil stain from fifteen minutes to one hour or more ; wash rapidly, 
dry, aad mount. 

In a Hucoessful lilm the nuclei of the leucocytes are dBfk red, the Spiroch/cta 
pallida is light red, other Spirorhirta bluish. [Gtlibler of Leipzig prepares and 
sends out under the name ' Gienisalosung fllr die Romano wakyfarbung ' the eoain- 
azur dye, the exact constituents of which can therefore be omitted.] 

Improved Gitmta Stainimj (Loffler),—{\) 1 drop of a 0-5 per cent, solution of 
malachite green crystal double chloride of zinc, +3 drops of 0'5 per cent, solution 
of oatrium arsenicosum, are put on to the thinly -spread preparation, which has 
been fixed in alcohol and ether ; (2) heat to steaming for one minute ; (3) wash 
with water; (4) mix dropn of O-fi per cent, glycerine solution with 5 to 10 drops 
of Oiemsa's solution, heat the misture, and pour it hot on to the preparation. In 
Stb minutes wash with water. Staining is very sharp. 

Preiea'a Bapid ,Velhod.—Mii 20 drops of Giemsa solution with 10 e.cin. of 
diatilled water; divide into three parts; pour one-third over the preparation, and 
heat it high above the dame until steam forms ; pour away tlie stain, and repeat 
with each of the other thirds of the solution ; wash with water. Good preparations 
can thus be obtained in four to five minutes. 

Sohmorl {Deulaeh. Meil. Woch., 1907, p. 876) has lately given a method for 
demonstrating SpiTochteiif in aections by diSerentlation with potash alum : (1) The 
SBctiona are filed !□ a 4 per cent, solution of formaUn for fourteen days, frozen, cut 
without washing, soaked in distilled water or formalin, then stained with Giemsa's 
solution for twelve to fourteen hours in very carefully cleaned dishes. (2) Transfer 
sections to concentrated watery solution of potash alum ; after a short time remove 
to distilled water (or a few minutes; then mount in glycerine gelatine. Or lay the 
sections in water on the slide ; dry with filter-paper ; allow the acctions to be almost 
absolutely dry in the air ; then add xylol, and mount in cedar-wood oil. The 
liasues shrink, nod the Sjiirochalie arc made more obvious. Alcohol must be 
avoided throughout. 

StteffT Melliod of Levaditi for Sectuyni [Ann. de I'Intl. Patfear, 1906, sx. 1).^ 
The tissue is cut into small pieces (the anterior part of the eye can be treated as a 
whole), which are taken either direct into 96 per cent, alcohol, or first into 10 per 
cent, formalin for a few days, and then, after washing with distilled water, placed 
in alcohol for twenty-four hours. From alcohol they are placed in distilled water 
till they sink, and then in a dark vessel in the oven in 2 per cent. arg. nit. for 
three days (according to Gierke, better 1*6 per cent, for eight days). Wash with 
distilled water, and put into the following developing solution for forty-eight hours : 
Ac. pyrogall,, 4; formol, 5 ; aq. dist., 100; embed in paraffin, and cut in series. 
The Spirochielir appear black, with short and variable spirals and pointed ends ; 
occasionally one end divides.' 

Heim recommends HoStuann's modification. The pieces of tissue, after fiiiation 
in alcohol and formol, are suspended by Unen threads in a freshly>prcpared mixture 
of 90 c.cm. I'S per cent. arg. nit,, and 10 c.cm. purest pyridin. In this they remain 
for three hours cold, and then three hours in the paralfln oven at 45° C. in a dark 
glass -stoppered bottle. 

The developing solution must be frei^hly prepared thus : Mix 90 c.cm. 4 per cent. 
pyrogallol with 10 c.cm. pure acetone, and add 15 c.ciu- pyridin to 85 c.cm. of the 
mixture. In this the pieces remain cold overnight. Rapid paraflin embedding. 

Contrast-staining with polychrome methylene blue is possible. All glass dishes 
must be thoroughly cleaned with ether and alcohol, and the solutions must be fresh. 



' Regiiniing tbi? diaguostio value of tbis method, coiH|iarB later cliajiter, 'Syphilis.' 
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Culture Media. 



Besides the usual media (agar, gelatine, bouilloQ, potato) whose 
preparation can be found in any bacterioiogit^al te.\t-book, the more 
delicate media containing serum, are especially useful in ophthalmic 
work; in fact, many of the organisms with which we have to deal 
will only grow on these latter. 

LofHer's blood-aerum occupies the first place. This is obtained by collecting the 
frcBh blood of sheep, cnltle, or horses in oleoa sterile dishes, and letting it stand till 
(he serum Beparates ofT, The sciutn is then decanted into a clean frlass dish, shaken 
up with clilorofoni) to Bterill/e it, and again decanted. It is then mixed with 
one-third its bulk of grape-sugar bouillon, poured into test-tubes (each 5 c.cm.), 
and on a sloping stage fractionally Bterilizcd at UO" C. half an honr erery day for 
a week. 

Btmple coagulation by moist beat at 100° C, as is carried out at many diphtheria 
research laboratories, cannot be recommended. Many organiBms, Slaphylo- 
cocci, and especially those of the diphtheria group, grow very well on this 'cooked ' 
eeram, but others — e.g., PnfMmorocci— grow very badly. 

It is important that the serum — and this is true (or all media in ophthalmia 
practice— should not be loo alkaline, especially when we are dssling with the 
Pnev/mococciia. The bouUlon should therefore be quite neutral, for the senun 
itself always has a marked alkaline reaction. 

This lost particular must be carefully attended to in the preparation of serum 
agar by the Wortheim tormula. This medium is very valuable for growing the 
' difficult' organisms (^Bac. Koch-Weeha, Bac, duplex, Pneumococcut, Oonococctui, 
etc.), and when properly prepared in the following manner is by far the most 
useful ; 1 per cent, neutral agar is liquefied, and cooled down to 45" to 50" C. in a 
water-bath ; to this is added ooe-third to one-fourth its bulk of human serum 
(ascites, hydrocele, pleuritio, or ovarian cyst fluid}, previously sterilized fractionally 
at 60° C. Immediately after mixing the tubes are sloped ; they must not be further 
heated, or the serum would coagulate. It is just tliis addition of uncoagulated 
human serum which makes the mediurn so susceptible. These body fluids vary in 
alkalinity to no small degree, and when they are very alkaline the agar should be 
slightly acidified. 

The suitability of aera varies, and is not even constant for one and 
the same organism. In making important determinations of growth, 
a trial culture ebould always be made with Pneaiiwcficci or Gottacocci. 

The mi-ilia containing lurmoiilohin have, in ophthalmic work, a 
very special importance with regard to the influenza group {Htemo- 
pkilt jiolehacteria). On account of its richness in ha;moglobin, 
pigeon's blood is very useful ; it can be rubbed over the surface of the 
blood-serum with a platinum loop, or added to the bouillon. Human 
blood can be obtained at operations, or elae from one's own purified 
finger or ear; the first drop ia not used, as it may contain skin 



All blood media so prepared should have their sterility proved by 

a— 3 
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twenty-four hours in the incubator, for they are often contaminated by 
Bacteria, especially if a finger has been squeezed to assist in getting a 
drop of blood. In many cases it is better to mix the blood with the 
agar at 40° G. before the tubes solidify, and thus obtain an equal 
diffusion throughout the medium. The changes in the blood pig- 
ments and the haemolysis, which have been emphasized by Neisser, 
Schottmiiller, and others, can thus be better observed, especially on 
plates, than when the blood is spread on the surface. 

Cultures. 

In proceeding to carry out by cultures an examination of the Bacteria 
on the surface of a healthy or diseased eye, the material obtained 
should be rubbed, first on a good peptone or glycerine agar, then on 
Loffler's serum, then on serum agar, and finally on a haemoglobin 
medium. Thus we have various possibilities in growth before us. 
And as the cultures become scantier as we pass on to the more 
susceptible media, we hope to find on them isolated colonies, from 
which pure cultures can readily be made. 

In many cases, naturally, a good result is obtained with the simple 
media ; but it is always advisable to take a few serum- tubes as well 
as the simple agar one, and from the very first to use various media. 

The variety of culture-tubes used, and the number on which the 
material is stroked out, should be governed, whenever possible, by 
what is seen in the smear preparation. When the smear shows 
numerous organisms, several tubes or plates (Petri's) should be made 
originally, and only a small amount of secretion should be carried 
over from one tube to the next. When bacilli of the diphtheria group 
occur in the smear preparation alongside of ordinary cocci, the 
primary tube used should be agar, and the secondary one or two blood- 
serum, on which the bacilli in question may be isolated. The same is 
the case in dealing with the diplobacillary group : several questions 
will be decided at once by the particular medium used — e.g., if Diplo- 
bacilli grow on agar they are Petit's type, if not Morax-Axenfeld's. The 
preference of different organisms for different media greatly facilitates 
their isolation — for example, a coccus may grow well on the agar-tubes, 
while a bacillus admixed may grow better on blood-serum. This is 
especially evident in the case of the delicate organisms and the media 
already mentioned. 

In many cases it is advisable to try anaerobic cultivation, especially 
when determining some uncertain etiological relationship, or in deal- 
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ing with organieiUB whose determination is doubttul when examined 
microscopically. When separating by culture, organiBins which are 
very difficult to differentiate, such a proceeding may asBist greatly. It 
was by such means that Streplolhrici/e from the eanalieuli were first 
cultivated, and this result was first obtained in my own cases. In 
aerobic culture the coed present overgrew everything, before the 
slowly growiog Str'iih'thriciie could make any headway. Many 
facultative aerobic organisms retain their virulence longer in anaerobic 
culture ; Gifford was thus able to produce a pneumococcal con- 
junctivitis with a culture which he had cultivated anaerobically. 

Buohner'B method is fienerallv sufficient (or such auaerobio cultivation ; 

Take a tall glass cylinder with a ground-glaas lid, and pour into the bottom of it 
with a born or glasit apoon about 1 centimetre in depth of pure pyrogallic aeid ; add 
to this dilute (30 per eent.) cauetic potash or soda eolution ; and then place the 
iaocalated tube on a small gloss tripod in the cylinder ; quickly replace and seal (he 
lid with paraffin or wax. The wool plug should be singed, or a little sublimate 
poured over it, lest aFter eoice time ia (he damp warmth any spores present in i( 
should work out and contamiQa(e the culture. Cultures deep down in the medium 
ate occasionally useful, and sometimes cultivation in hydrogen by meaos of the 
Eipp'a apparatus (rf. bacteriological text-books). 

The direct inoculation of an animal with the material to be in- 
vestigated sometimes results in the isolation of individual forms. An 
animal injected with sputum will die of pneumococcal sepsis. For 
intractable material — e.g., concrements from the tear-ducts, tuber- 
cular matter, and recently in syphilis— direct inoculation is indicated. 

The collection of preserved cultures can be very strongly recom- 
mended, especially for didactic purposes. Such a collection should 
not only consist of pure cultures, hut also of original tubes directly 
inoculated from secretions, etc. After pouring off the condensed water, 
1 or 2 drops of pure formol are dropped on to the lowest part of the 
culture, or the lower end of the wool plug is moistened with formol, 
and the top is covered for several hours with a rubber cap ; the plug 
is then removed, and the mouth of the tube fused close. The 
cultures then remain permanent, and when protected from light 
retain their colour. 

Inoculation into the Eyes of Animals. 

Sehmidt-Rimplor, in his research on the infectiousness of the 
lacrymal sac secretions, was the first to inoculate the cornea of 
rabbits or other animals with any organism or material containing 
bacteria. This is done either by means of an infected needle or knife 
point, ur else by making a small oblique pocket iu the cornea (easily 
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done on the luxated eye of a rabbit), and rubbing into it with a 
platinum loop some of the material in question. In the latter case 
so large an amount of the material is introduced into the tissues that 
the conditions are not parallel to those which obtain when the human 
eye is infected. 

The inoculation wound must be made very obliquely — in fact, almost tangen- 
tially — to avoid perforating the thin cornea. It is advisable always to make a 
wound of the same size and position, and to use the same amount of material, so that 
a comparative idea of the virulence may be obtained. The same infecting agent, 
when centrally placed, will cause a more severe reaction, especially in the iris, than 
when in the neighbourhood of the vasciilar limbus. 

With a very fine sharp cannula some infected fluid can be injected 
into the substance of the cornea. This is a rather more difficult 
technique, and the greatest care is necessary not to perforate the 
cornea. 

In all these corneal inoculations in animals it must be borne in 
mind that large wounds, especially those forming a pocket, can 
become secondarily infected by other organisms from the conjunctiva 
or surroundings. 

"When an infection has resulted, it should be verified by removing 
material out of the pocket. I have often found that after an in- 
oculation with Pneumococcus^ this organism did not develop in the 
resulting purulent keratitis, as it happened to be of low virulence for 
the animal, but that Staph, pyogenes aureus was very plentiful. 

An inoculation of the anterior chamber with solid or viscous 
material is easily made on the cocainized (not luxated) eye. After 
puncture more cocaine is instilled, and then a small particle is pushed 
in with an iris forceps or stylet. After a little practice this can be 
done without assistance. The puncture is best made up and out, as 
here the nictitating membrane is not in the way. The particle must 
be placed on the iris far enough from the wound, so that it will not be 
again extruded. The iris should be replaced out of the wound as 
thoroughly as possible. 

When the material cannot be pushed in solid, it must be teased out in sterile 
fluid, and (as in the case of bouillon ciiltures, bacteria emulsions, pus, etc.)) injected 
with a syringe. The aqueous should be first allowed to run out, as otherwise the 
injection could only be made against a rising tension, and when the syringe is 
removed the fluid would be squeezed out again. 

For vitreous inoculations very small amounts can be at once 
injected through an oblique puncture. Larger amounts will cause an 
increase in tension, and when they must be used the anterior chamber 
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should be first tapped. The eye then is soft, and the puncture of the 
sclera is more difficult. The best method is, therefore, first to stick 
the syringe needle through the sclera, and then to puncture the 
anterior chamber, while an assistant holds the syringe. When pieces 
of tissue are to be introduced into the vitreous, the anterior chamber 
must always be punctured before opening the sclera, which latter must 
be done with the greatest care. 

If it be especially desirable that the eye should be inoculated with- 
out wounding any vascular tissue, this can always be done through 
the centre of the cornea and lens (Bomer). 

The lids should be stitched after every inoculation of the eye. It is 
not necessary to stitch the whole thickness, but merely to bring a fold 
of skin from above or below over the opposite lid. 



CHAPTER II 

THE NORMAL CONJUNCTIVA 

In studying the bacteriology of external eye diseases we must begin 
with that of the normal conjunctiva. The practical man will examine 
his own conjunctiva, and thus become acquainted with the saprophytes 
and common parasites of which he is the host. This study can 
be strongly recommended, because the organisms there present are 
scanty in number, and, being therefore isolated in the cultures, 
their peculiarities can be observed, and pure cultivations easily 
obtained. 

As the conjunctival sac is open externally, it is only to be expected 
that all those organisms can be found in it which occur in the air, 
in washing water, in the skin around, or on anything with which the 
eye may come in contact. The great variety of organisms which may 
be found in these various places is reflected in the bacteriology of the 
conjunctiva. 

Anyone taking the trouble to determine the peculiarities of all 
the organisms which could be found in a large series of conjunctivas 
would certainly find very many varieties. Every research in this 
direction has produced this or that previously undescribed organism, 
and the future will furnish still more.^ 

Bach is an example of this. He found 27 varieties of Bacteria 
in 100 conjunctivae, and described 13 of them as new forms. The 
serial examinations of Fick, Marthen, Bernheim, Lachowicz, 
Blagoweschenski, Gififord, Griffith, Jackson, Jameson, Basso, 
Eymowicz, and others, go minutely into the findings of every case. 

On account of the great variation in the possible organisms, we can 
appreciate how authors' results can differ regarding the number and 
species of the various Bacteria found. It has been repeatedly 

* In the dissertations of Brandt (Wurzburg, 1895) and O. Rosenthal (Berlin, 1905) are 
resumes of the findings according to various observers. These can be considerably reduced, 
for not unfre<|uently the same organism has been described under different names, and 
naturally these should not appear as distinct. 

24 
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asserted that the flora of the normal conjunctiva ia very variable, 
and that, to a certain extent, there are no conatuut iuhabitants 
(WolkowitBch). The flora is directly subjected to the changing influence 
of the incidental pollution around. The beginner at the present 
time can well appreciate this contention if he merely looks through 
the long list of the conjunctival organisms in the literature collection 
Ijy Brandt. The opposite view ia presented by Gelpke, who stales 
that the conjunctival sac in ladies and girls of the upper social class 
is mostly sterile. This viSw, which, less definitely enunciated, recurs 
in the literature, presumes the idea that the bacterial condition of ibo 
conjunctiva is so definitely dependent on external influences that, 
when by the customary cleanliness of these people such influences are 
removed, the conjunctival sac will remain sterile. On the other hand, 
it is not surprising that, with different material, other authors have 
eome to the eoncUiHion that the conjunctival sac invariably contains a 
coasiderable number of different organisms (Blagowescbenski) : and 
similarly we are not surprised to find that one and the same organism 
(('.3., B. j:erosi«) is noted by one author as frequent, and by another 
as never found. 

The following points must be considered it we are to arrive at a 
correct conclusion : 

1. The Jlura 11/ this area, being sviyject to many amtaminatiiti) iiiftu- 
encei, can, as a matter ofjact, vary in quantity and quality according to 
the surroundings, to external conditioim, and to personal habits. 

In this respect it is of interest to note that, as wouW be espccted, Walthard,' 
Kobliuik,' and Craiuei',^ found the conjunctivs oF newly-borii infants to bo aterile, 
OrganiBme, howevor, began to appear in the first lew dajs of life; in sis da^a 
(Cramer) a few Bacteria could be found, after ten days many. When any Inllam- 
mation had occurred, either at or after birth, by opening the lids during parturition, 
or from silver nitrate, stc, tbe organisms appeared relatively earlier. 

After the organieiUH have settled down, the average Horn does not materially 
differ from that of aubseqiient years. We have found the condition in children one 
year old not to differ markedly from that of adults. The statement made by Foote, 
that he found in children 50 per cent., in young adults 3S per oent., and in old 
people 30 per cent, of sterile coujunctiviE, certninly cannot be confirmed. 60 high a 
percentage of sterile casex is never found present io any life period, if sutHclently 
delicate methods are used and the material is properly collected ; and the differ- 
in percentage which he gives are within the limits of possible variation and 
error. Foole's other statement that the number of organisms Is greater in the 
morning than in tlie evening can be considered as confirmed, tor during sleeji the 
cleansing lid movemtnts do not occur.' 

' PUkiKSr, Komapaiuiendilailf. Schicritar Ante, 18B5, 
' FtOKkri/t f. Karl Rage, Berlin. 1898, p. Ul. 
' ZfntndblaU/. OyndJad.. 1899, No. 9. 

• Tbe flndings of Matthen, Bemheiiii, Morax. Karh, Dil^n correspond ; they showed 
that the ntunbor of onjauismi increased under s bandage, which kept the lids still (and 
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Wolkowitsch emphasizes the fact that in one and the same individual the 
flora varies at different times of the day. This cannot be wholly denied; 
variations in the surroundings and in occupation are here of considerable 
importance. 

We must, however, always remember that in the comparisons of flora, it is 
not feasible to make absolutely similar inoculations. It would only be possible to 
come to any conclusion if throughout a long series the variations were always the 
same. Changes in suiTOundings, occupation, and cleanliness can certainly influence 
the flora of the conjunctiva to this extent at least — that the idea of a 'normal 
conjunctiva,' as applied to hospital out-patients, recruited from the labouring 
classes, does not convey the impression which the pale, delicate mucous membrane 
seen in many private patients does. In the former a certain redness is very 
common, without being called pathological A combination of a dusty atmosphere, 
even though not very full of Bacteria, with deficient personal cleanliness, and allied 
conditions, can produce an increase in the flora in the one class, and we must not 
be misled by the fictitious appearance of sterility in the pale conjunctivse of the 
other. A. Fick found in normal school-children far fewer organisms than in the indo- 
lent inmates of a hygienically unfavourable charity school. If all slightly hypersemic 
cases are excluded, Diplobacilli will be less frequently found in the ' normal * con- 
junctiva than was the experience of Erdmann and Bymowicz. The cases excluded 
are diplobacillary conjunctivitis of very mild degree. • 

2. The method of examination which is vsed is of great impoHance in 
determining the bacteria present. 

With regard to the collection of material : 

^lorax dropped bouillon or melted gelatine into the conjunctival sac ; this was 
allowed to soak into the folds of the membrane, sucked up into sterile pipettes, and 
inoculated on to the media. A much greater extent of conjunctiva was thus avail- 
able than when the everted membrane was merely rubbed over with a platinum 
loop. On the other hand, the fluid more readily came in contact with the lid 
margins, the caruncle, and the inner canthus, so that the specimen was only a pure 
conjunctival one when the greatest care was exercised. Material taken from the 
inner canthus shows a considerably greater flora than is found in the conjunctiva 
itself. Further, it is doubtful if infected epithelial cells will come away with the 
fluid, while they can readily be rubbed off the surface with the loop. Bacillus 
xerosis^ for example, clings to the desquamating epithelial cells, and thus is much 
more readily obtained when the loop is rubbed over the surface than when it only 
lightly touches it or merely removes the tears. The size of the loop and its shape, 
whether in a single or double twist, are to be considered. As, of course, only a small 
portion of the conjunctiva comes in contact with the loop, a negative result in 
cultures is not necessarily to be taken as a proof that the particular membrane is 
free from organisms. The loop, therefore, preferably bent double, should be well 
rubbed over the surface without contact with the margins or angles of the lids, and 
several attempts should be made from different positions. Wlien this method is 
adopted J a sterile conjunctiva is practically never found; and should such 
a finding occur ^ the next examination will probably show tlie presence of 
organisms, 

also raised the temperature). De Lieto-VolJaro obtained the same result when the lids 
were simply closed under a Fuch's wire frame, and Schimier has proved hy definite 
examination that when the blinking of the lids is prevented the passage of Bacteria into 
the nose does not occur. 
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fitagoweschonski wiped the conjunctiva with a, sterile sponge, which was than 
gronnd up ajid inoculated on tubes. Dubiot in the same manner used wool swabs. 
This method guaranteed a thorough inoculation, but more easily allowed a con- 
tamination, and ma; have been the explanation of his finding in thirty-four 
individuals the uncommonly large number of eighteen different baciUi: ten Cocci, 
five Tetrads and Sarcin/e, and one Strepiococcut. 

3. Variatiovs in the media and the technique employed are in a much 
greater decree responsihlc for tkf tremendous rariations in the reaidtg nf 
former years. 

The media are of Blight importance in the case of the Slapkylococci, 
and the similar vigorously growing organiamH, which here, as well as 
in other parte of the body, attracted attention in the early days of 
bacteriology. Eegarding them, the lindings from the first have not 
varied much, when we consider the actual variations which are 
possible. 

A very different state of aflairs occurs in the case of B. xerosis. This 
has often only a very slight power of growth, due to the scanty nutrition 
which the tear-washed conjunctival sac affords. On its most sus- 
ceptible media, therefore (blood-serum or ascites agar), after twenty- 
lour hourn, only scanty weak colonies can be seen : ordinary agar often 
enough shows absolutely nothing. If we leave the test culture for 
eeveral days in the incubator, colonies may Bometimes appear at places 
which at first were bare. I have often been astonished to find how 
apparently sterile cultures have developed numerous colonies of 
BaciUiis xerosis after eight days or more in the incubator. 

Other organisms again, like Vueumoeoeci and Dijilobacilli, depend 
upon the alkalinity of the medium for their growth. 

Media which contain hsemoglobin must be used to decide the 
important question to what extent bacteria of the influenza group are 
normally present. Giarr6, Picehi, and Rymowicz have used this 
means of examining the normal conjunctiva- Further research in 
this direction appears desirable. 

With regard to the methods of examination, it must here be noted 
that single colonies of Pneumveocci and also influenza bacilli can often 
only be discovered after most careful examination with a loop. Such 
colonies of Pitemiiociieri, especially when on moist media, very rapidly 
become invisible by their margins merging with the surface moisture; 
besides which, when they are taken from the normal conjunctiva — a 
very imfavourable nidus for them — they have a very short lite, and 
3 rapidly. 

In the great majority of the older articles concerning the flora of 
the normal conjunctiva insufficient attention ie paid to these par- 
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ticular points. I can neglect quoting or reviewing all these various 
records,^ for when all of these precautions are observed, as is now 
customary, unanimous findings result, and every one can convince 
himself of their accuracy by his own research. 

We can now take it as definitely proved that the normal conjunctival 
sac contains regvlarly^ or almost regularly : 

1. The so-called Xerosis bacillus, 

2. Non-virulent, or very slightly virulent, white Staphylococci. 
No other findings are constant. 

The Pneumococcus is relatively the most common of the pyogenic 
organisms, but it is much rarer than the two organisms named, being 
very scanty and of low virulence (for animals). The other pyogenic 
organisms (Staphylococcus pyogenes aureus and albus) are not common 
if the skin around, and especially the lid margins, are not inflamed. 
Streptococcus pyogenes is rare. 

On a healthy conjunctiva, according to my experience, Diplobacilli 
and influenzal bacilli are very rare (Erdmann found the former, 
Kymowicz, Giarr6 and Picchi found the latter, more frequently). 
Besides these, as accidental contaminations, we may find stray colonies 
of all sorts of pathogenic and saprophytic bacteria, amongst which, 
relatively speaking, yellow non-liquefying Cocci, Sarcince, and in some 
series B. subtilis (D. Smith, Puccioni), are common. 

I will only quote one or two of the numerous recent researches made with suit- 
able and delicate methods. 

Kymowicz, working with glycerinated blood -serum (collecting material with 
saline solution after Morax), found in 100 normal conjunctivae : 



Bac, xerosis ... 

Staphylococcus albus (non-liq.) 
Pneumococcus 
Streptococcus pyogenes 
Diplohacillus (Morax-Axenfeld) 
Staphylococcus pyogenes aureim 
Staph. pyog, albus ... 



Times. 
94^ 
79 

9 

6 

6 

6 

8 



The frequency of pathogenic organ- 
isms in this series is relatively high. 
Jn individual cases their numbers 
were much fewer than those of the 
Xerosis and Staph, albus. 



Under my own supervision, Heinersdorff in sixty-one cases (collecting with a 
double loop, and using LofHer*s blood-serum), found : 



Bac, xerosis 

Staph, albus ... 

Staph, aureus 

Pneumococcus 

Streptococcus 

Sarcince 

Other single organisms 



Per Cent. 

. 83x 

. 85 

. 11 

. 6 

. 3 

. 1 

. 5j 



Here, too, when pyogenic organ- 
yisms were present, they occurred in 
very small numbers. 



* This is fully done in my collected review, * Baktenologie und Parasiteii,* 1894-1900, 
Ergehiiissc der Path. AtuU. von Lnharach Ostertag, Wie3l)adeu : F. Hergiiiaun, Jahr 3, 5, 6. 
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Ort>:eii eiaiuiDed eighty conjunctiva? with a. double -looped needle, asing 
glyoerinated ag&r, proved suNceptible to PneumocoFcim, as the medium, and found : 



Bac,xeroiis ST-fi i ,_,. 

Staph.albut 96-25,^-^'^* , ,. , , 

Pneumaroccus 4 hecauao of the use of agar.) 



YBrioQB single organiams 



{Aureus not found in this Goriee.) 



In considering the micro -organism a o( the health j conjunctiva, we 
maBt first devote special attention to the so-called Bacillus xerosis 
{Bacille en inanaue). Other synonyms : Keulen bai-ilhis, BaciUiis sehi 
mfibomiaiii (Rojmond and Oolomiatti), Bacillvs septatus (Getpke), 
Bacillus p8eudo(iipkthfriais vuhiaris ( Heine rsdorfiOi BaciUiia ijranvloeM 
tLachowiez). 

Those who would study the bacteriology of this region of the body 
at all, or would make any clinical diagnosis from it, must be quite 
conversant with the occurrence of this organism on the healthy 
conjunctiva, and must have personal experience on this point. 
Explanation and discussion of this subject would then be greatly 
facihtated. Erroneous doubts and useless controversy would then 
disappear, and those who have not gone deeply into the matter, hut 
have followed the question in the literature, and would like to make 
practical use of their knowledge, would not then be confused and 
bewildered so easily. 

It is instructive to glance at the history of the literature of this 
organism : 

Heiold in 1S74, in a. caBe ot xerosis and keraloniftlftcia, found bacilli 'having the 
uppoarance of leptothrii,' whose fuller description resembles Uiat ot the Utar 
B. jeroHi. Bezold was of the opinion, to which we have now returned, that a 
harmless infaiibitant of the conjunetiva had greatly increased in number owing to 
the general dbturbance of nutrition. In l^yo a short analogous notice by Denic 
followed. In WHl Iteymond, Colomiatti, and Pecroncilo pubUehcd fuller de- 
seripliona, gave the organism the name B. aebi tneibotiiiani. and considered it 
□oQ-pathogenic. In 18B2 Homer obtained similar results to Behold in a case ef 
keratomalacia. 

The larger work ot Kuachbert and Neisser, appearing in 1883, brought forward a 
now view. They insisted that the organism which they had found, occurred always 
and only in casea of xerosis of the conjunctiva. They attributed to the organism 
B causal significance, although an infection of the normal conjunctiva gave no 
result. Shortly after, but independently, came the well-known paper by Leber, 
who at first considered the organism as the cause at xerosis, but afterwards found 
a bacilli in the internal organs. Sohult^e had similar results. Leber furnished 
St morphological description. 

In the same year Schlcich reported that he had obtained pure cultures ; be also 
found the same organism in the secretions in chronic conjunctivitis. Settler and 
he fouod the organism in pus from the lacrymal sac, and threw doubt on its 
pathogenicity. Michel (1894) found the orgEuiiem on normal conjunctivie. Schleich 
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reudily found the orgauiBm ia the milky secretion at the oanthua, and manj con- 
Bidered that this oondition was a slight degree oF the specific dlaeaae. 

Further investigatiooa by Gallenga (1888), Fick (lbS7). Frankel and Fnnke 
(18S7), Schreiber (ll^iyti), showed this orguDiHm to be bo widespread on the con- 
junctiva that any idea of a pathogenic function in xerosis muat he given up. 
Using suitable media, eapeoially blood-serum, Fick (' Uber Miuro-organiBmen ini 
Conjunctival Sao,' Wuraburg, 1S87) demonstrated that bacilli could be found in 
80 per cent, of normal 'conjunctivae, and in IWt per cent, of pathological oon- 
junctivie and operation cases. These bacilli were Gram positive for the most part. 
and their shape and charBCteristica agreed more or less with those of the li. j-troiu, 
Fick described several varieties (", b, cj, and discussed the queaiion whether tbeee 
belonged to a group with the B. xerofU and the non -pathogenic Lu/intiihclien 
previously described by v. Michel. ' This organism.' wrote Fick, ' should be 
familiar to every one who is looking for the Bpecitic cause of any disease, if be 
wishes lo avoid still further increasing the present contusion '^a warning which 
was later greatly neglected. 

Friinkel and Franks found the bacillus in many cases of chronic conjunctivitis, 
phlyctenules, and trachoma; that they did not find it on the normal conjunctiva 
can be explained by its lower vitality in this situation, and the greater difficulty in 
growing it. The definite conclusion from all these findings, that the bacilli are 
not pathogenic was emphasized by Baumgarten (Lehrbuch, 1890). 

They appear again iu the literature ns pathogenic, tor Kartulis, following up the 
findings of Koch (Koch-Weeks bacillus), obtained from certain cases culturea 
ivbich he considered to be pure Koch-Weeks bacilli, Edthough they obviously were 
the Xerotie which accompanied those organisms. 

Weeks avoided this mistake, and showed that the club-shaped bacillus hod 
nothing to do with the disease. When the conjunctiva was infected by them, no 
result followed, and a catarrh only resulted on an admixture of the other smaller 
Koch -Week a bacilli. Weeks' experiments were a definite proof of the very 
frequent occurrence of harmless organisms in diseases caused by quite another 

Nevertheless these bacilli were later considered by Gelpke and Pes as the cause 
of epidemic conjunctivitis, the latter stating that the Koch-Weeks organism waa 
identical with the diphtheria bacillus or B. xrroait {which he held to be the same 
organism). On account of similar findings, Eyre considered the organism, which 
be took to be an attenuated diphtheria bacillus, as the cause of (oUicuIar con- 
junctivitis. Bcbmidt and Kuchowski described it in cases of trachoma, without 
attributing any definite causal connexion. In the light of Fick's results one might 
have expected a universal acceptation of the presence of the X.eroiis bacillut on the 
normal conjunctiva, and have considered the recurrence of these errors as im- 
possible. For some considerable time there was a want of agreement about its 
occurrence. Many reseiircbes on the presenee of organisms, especially with rela- 
tion to disinfection, did not attempt their exact classification (Gayet. Van Genderen 
Stort, Santos Fernandez, Stroschein). Many others (GiRbrd, 18H6; Hemheim, 
18i)3 ; Hildebrandt, 1898; Franke, JH93; Gorabert, J8H9 ; Gasparrini, 1888; 
Blagowesohenski, Bach, 1884 ; I'-yre, 1895 ; Puocioni, FooteJ never found the 
organism on the normal conjunctiva ; other authors (Lachowicz, Walkowitscb) 
did so only exceptionally. 

A graduaUy increasing number of investigators found the organism either 
frequently or almost invariably (Friinkel, Uhthoff, Schan?., 1896 ; Peters, 1897 ; 
Morax, 1893 ; Cuetiod, 1894 ; Coppez, Trousseau, 1894 ; Axenfeld, IHOti ; Heiner*- 
dorff, 1898; Lawson. 1898; Dalen, 1899; Spronck, 1896; Hu-oto. 1901). The 
text-books and hand-books of bacteriology considered its almost invariable 




THE NORMAL CONJUNCTIVA 



31 



presence as an eBtabliahed fact, in some aaaea after their authors had made Bpecial 
control teBts (Fliigge Gilnthec, Beck in KolJe-WaBBermanii, Lehmaim- Neumann, 
and othera). The foot is now generally accepted in ophthalmic circles. Again and 
again, however, the opinion is brought forward that this organism has a definite 
pathogenicity. Deyl and his pupil Uala considered it as the cause at chalajtion ; 
Peters considered it as a contributing cause in many benign membrane formations 
after injury to the conjunctiva. It was brought forward in caees of woimd in- 
fection. Randolph and Del Monte considered that it took part in many cases of 
conjunctivitis. Gifford found it in lid abscesses. I will return to tliis (luestion 
later on. 

A complBte descriptiion of this bacillus will not be given now, but 
will be found with that of the diphtheria bacillus (p. I'JO). 




1-6, Loffler'a raethylene-blue atain ; 7-», M, Noisscr's pole-staining, B to 16 houra' culture 
oD blood-aonuD ; 7, virulent diplitherin bucilli, typical pole-sbuuing ; S, Xerosis quite 
unstained ; B, Xerosis incomplete staining. 

The sketches on the coloured plates, and in Fig. -1, which is by 
Heinersdorff, should be carefully noticed at this point. 

The relation of this so-called Jincilliis xfnmis to the pathogenic 
Liifller'B lianllus diphtUerUe will now be shortly discussed. Some 
observers (llous, Schanz, Peters. Hala, Behring, and others) consider 
that all thes3 bacilli are identical with the diphtheria bacillus, and 
that the descriptive names ' pseudodiphtheria bacillus,' and ' serose 
bacillus.' should not be used ; we have either poisonous or harmless 
Liiffler's \,i.e., diphtheria) bacilli which merge into each other. The 
harmless constant inhabitants of the normal conjunctiva can, under 
favourable circumstances, develop into virulent diphtheria bacilU. 
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Regarding this point, I would refer to the facts relating to the 
diphtheria group on page 190, and especially to the drawings Plate I., 
Fig. 1 and Fig. 6, a and h^ and figures in the text (xerose and 
diphtheria bacilli) and would merely state that, as a matter of fact, a 
morphological and cultural differentiation of the organisms named 
cannot always be carried out. 

A slender form, a clustered grouping, and a frequent peculiar varicosity, especially 
when a secretion smear is being examined, are no doubt points in favour of virulent 
diphtheria. After long experience and much practice in the examination of diph- 
theria, considerable certainty in diagnosis is attained, especially when cultures are 
available, so that it can be understood how Max Keisser, Morax, and others, rely 
considerably on this method. For a certain diagnosis, of course, it cannot be relied 
upon. In the same way a certain culture diagnosis sometimes cannot be carried 
out, although, as a rule, the BaMlus diphtherue grows more freely on blood-serum 
than does the Bacillus xerosis, forms acid in bouillon more strongly and rapidly,^ 
and actually grows in the bouillon more diffusely and freely. But here again there 
is no absolutely constant distinction. 

The method of polar staining given by Max Neisser cannot be considered as a 
radical distinction, for, as Schanz has stated, it only shows a difference in the 
rapidity with which the same phenomenon occurs. 

In various xerose bacilli obtained from sixty normal conjunctivae, Heinersdorff 
never obtained a characteristic staining reaction in a culture of more than nine to 
sixteen hours old, similarly Naito and Bietti. Gelpke, whose Bacillus septaius is 
identical with the Bacillus xerosis, never obtained a positive staining. Individual 
cases, however, are quoted in the literature where non-virulent bacilli have shown 
polar-staining (Doetsch, Bach and Neumann, Tertsch, Schwoner). If the claim 
be made that these were diphtheria bacilli which have become non-virulent, then 
the question arises as to how we can distinguish such from xerose bacilli. A posi- 
tive result vnth Neisser' s stain in the case of the xerose bacillus must he considered 
as an extreme rarity, I consider it necessary that the identical method of Neisser or 
Heinersdorff must be followed. It is not enough that a few granules should stain, 
but that a general polar staining should take place in the slender bacteria. For the 
future, too, it is very desirable, in exceptional cases, that the observations should be 
exactly described, and noc merely the statement ' positive staining * given. Con- 
sidering that, in the general bacteriological literature, cases of true diphtheria 
have been quoted with typical virulence for animals, in which polar stain- 
ing failed (Lehmann-Neumann), a radical distinction cannot be based upon this 
point. 

Attempts to differentiate the two by means of diphtheria serum (Schwoner, 
Tertsch) of high agglutinating valency show that the majority of xerose bacilli do 
not react. The latest experiments of Tertsch, however, show that not a few (about 
20 per cent.) of the non- virulent inhabitants of the normal conjunctiva were agglu- 
tinated. If, with Tertsch, we deny the existence of true, but non-virulent, 
diphtheria bacilli, then we must conclude that the agglutination test is not an 
absolute differentiation. The practical application of this test in the case of 
organisms of the diphtheria group presents quite exceptional difticulties. It would 
be very interesting if attempts were made to exalt the virulence of these non- 
vinilent agglutinating organisms. 

^ Furtlier research is uccessaiy before the. diirerenco in the acid formation with different 
kinds of sugar described by His, and later ]»y Kuapp, can be accepted as invariable. 
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The poBsibility that all these pseudo-diphtheria organisms sire varia- 
tionB of the triie diphtheria baeilluB, canaot be excluded on the evidence 
available. Lehmann and Neumann, considering the literature of 
the subject, and also their own experiences, state : ' There is a large 
number of very closely related forms, consisting of both virulent and 
benign organisms, which can only be differentiated by varying com- 
binations of characteristics ; they form a considerable group, in which 
the true diphtheria bacillus is included.' However much the Boux- 
Behring hypothesis^the specific identity of the diphtheria bacillus 
with the closely related pseudo-diphtheria bacillus — may agree with 
the view of Lehmann and Neumann, and however much they may hope 
that this hypothesis will be contirmed by further cultivation, ' con- 
clusive proof cannot yet be shown.' This is the position which we 
must take up regarding the ' Corynebacteria ' of the eye. 

Organisma reaetubling diphtheria bacilli occur widely distributed in the con- 
junctival snc, and also on the skin of animals. 

Ollendorf {Arch. /. Ophth., L., S. 455, 1900) reoently deaoribed them in rabbits.' 
Blagoweachenski found them in several animals. I have found them in cats and 
rabbits, and, with Dr. O. Simon, obierved thetn in fowls in an epidemic of con- 
junctivitis at Rostock. How widely those organiams are distributed and what 
errors they have given rise to is clear — and this may he a consolation to ophthal- 
mologists^ from the (act that they have been at times considered the cause of cow. 
pox, of syphilia, and o[ paraljsia, only to have the statement denied or quietly 
abandoned. 

Aecording to Lobanow's experiments in my laboratory, the spread of these 
orf^nisme is not generally through the air, but by contact, water, etc. The Bacillus 
xerosis, excepting one single strain, was not transported by a moderate draaght, 
or the air cnrrents of a room. The conditions are favourable for a contact infection 
at birth. The only record in the literature is that psoudo- diphtheria bacilli grew on 
sermn.plates espoaed in the wards of the Eppendorf Hospital. As, however, we 
find no such results in the literature of the bacteriology of the air, the term 
' Luftstabchen ' (air bacilli) had better be given up, aa the name emphasizes too 
strongly an infection through the air. 



Staphylococcus albus. 

The white Staph i/locDcd are almost as numerous, and occupy the 
second place. 

No small difficulty presents itself in making a classification of the 
Hicrococci and Staphylococci- which will harmonize the results of 
the various authors with one's own experience. We have to deal 
with the large group of Slaphi/lufocci in which a number of well- 
marked types can be differentiated. The classification, however, is 

' Eindolpli fuund Staph, albus mors froquiiitly. 

* A Keui^nil coiisidi-ration or tlie Slaphi/locrxKi cau ti« louud in H. Neisser aud Lipstelu, 
'Die StsphylokoXkcD. Huidb. v. Kolle u. Wssaemaoii.' 1603, Bd. iii., 5. 106 i aud in 
'''^ lU and Neiunaim, ■ Atlas u. Onindriss,' 1W6, i Aiitl. 
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very much limited by the fact that varieties intermediate between 
the various types occur, in which sometimes one characteristic, some- 
times another, is prominent. 

It is simply impossible to describe as a new variety every strain 
which does not absolutely coincide with the strains already described, 
especially as many of their features alter on prolonged cultivation. 

The pathogenic or pyogenic forms are first opposed to the non- 
pyogenic ones. 

Regarding the pyogenic characteristics of the Micrococci of the 
normal conjunctiva, it is undeniable that the term ' pyogenes ' is far 
too freely used in the literature. Many authors, without making 
control inoculations, always use this term when dealing with organisms 
developing the well-known white or yellow colour in agar cultures. 
In other cases the cornea is infected by making a pocket with the 
lance and introducing a loopful of the culture; a purulent reaction 
is then recorded when an opacity with inflammatory reaction develops, 
though it heals without perforation. 

The term * pyogenes,' however, should only be used in those cases 
where, after such a liberal infection, at least a rather severe inflam- 
mation results, with transient iritis and slight exudation into the 
anterior chamber. The inoculation experiment commonly made 
only shows that large numbers of the organism do cause a certain 
reaction, and by no means proves that such an organism is really to 
be considered as the cause of a suppuration or a wound infection, and 
thus deserve the name * pyogenes.' If material be removed, either 
from such a pocket or the ulcer which results, a control research 
often shows that the cocci introduced very soon die out, and that the 
inflammatory reaction was not due to any pathogenic development of 
the organisms, but merely to the introduction of the bodies of the 
cocci. 

The white Staphylococci of the normal conjunctiva are closely related to the 
Micrococcus candicans. Old colonies not infrequently show a small projection in 
the middle, and are marked with concentric lines. They do not appear to be so 
moist as the Staphylococcus pyogenes, but this varies with the medium. Where 
colonies have fused, their former margins often are still visible. They do not liquefy 
gelatine in a stab culture, but rapidly grow over the surface. Their behaviour on 
this medium, however, is not constant, for Uquefaction may commence weeks later. 
Plate colonies appear darker in the centre and clearer at the periphery, being more 
or less granular. Under the microscope many strains show very slight tendency to 
occur in clusters, but, on the contrary, appear as DiplocOcci^ the members of each 
pair having a narrow interval between them. 

\Ve have rarely found white cocci of the non-liquefying-gelatine variety which can 
cause a severe inflammatory reaction ; and such certainly were never virulently . 
pathogenic. With this limitation the pathogenic properties of the white Staphylo- 
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COCCI found in the eye cnn be taken to correapond roughly to their power o( 
liquefyinK gelatine. Those which liquefy freely we gunerally wore purulent ; those 
which do not are only rarely bo. 

Morax and Randolph have rightly emphasized the correepondenee 
between the white Staplii/iococci of the conjunctiva with that form, bo 
frequently occurring in the skin,' which Welch has called Stajihylo- 
i-occiis i-pidcniiidh alhiis. They are characterized by an absence of 
virulence and toxicity, and often display the features of the canilicami. 
We can conclude that the infection oE the conjunctiva with these 
organisms takes place from the skin. From time to time we find in 
these skin organismB a relatively more frequent, though very slow, 
gelatine liquefaction, which may be due to their different conditions 
of life. 

Many Btrains of this coccus prove to be non-pathogenic for the 
rabbit's cornea, and generally are not able to cause wound infection. 
But still it cannot be asserted that under different conditions — e.y., a 
lowered power of resistance in the eye^they cannot leud to wound 
infection. We know that many saprophytes which remain indifferent 
in other parts of the body, are pathogenic in the eye. Cannot this 
also hold in the case of the white Staphiihcocci of the eye, the more 
so as they may be capable of an exaltation of virulence? {r/. chapter 
on 'Blepharitis,' p. 55). The action of the i-audkaiis in the interior 
of the eye has practically never been tested ; Gifford alone reports 
having obtained a transient reaction after its injection into the 
vitreous. In two subacute wound infection s_after cataract extraction 
which I have exammed_J_ found in the inte rior of Hie eye white cocci 
on ly, which in one case would not cause a hypopyon -ke ratitis in 
r abbits, and in the other only liquefied gel atine alter fourteen days. 

' I must here raentiou tliat, nocoiding to the researches nf Pfcilfer ( IFi-'n. i-/in. (f^uch,, 
1003, 8. 762), VoD SUiuiule {ZeiU. f. Biikt., Orig., 190(S. xlii. 2, S, 4}. the nmcrnis 
mcnibmie of tlie urethra, esjieci jly iu its Buterior poi-tioii, like the cuiijUDBtivii, contains 
DOU'Vimleut whit« Sta-phyliKerci, and polymorphio uoD-Tinileut bacilli of the di{>hth«riii 
group, It similar ooudilioii to that which obtaiuB iu the surronuding skin. In the 
bactEiiolo^ or the gMiitalia tho ]»eudo>di])htherta liacilU have also beeu the cause uf 
i-unr<inioii. A fow years ago tJiey were described as the caUHe of sypbUia ! Baid. coii, 
non-virulent .SlreptrKtxri, and other bacilli, are also occasioDally found. 

In itmiiy ii'3|>ects the same ia true of the bacteriology of the normal nose, where paeudo- 
di|ili1l»riii lMic.-itli are ]iracticalty always fouud ; Slaphn/ocotc: are very frequent, and 
/"tu-ii^iiiiMi'i, StreplaaKci, etc., are uoCuniromiuon, (JmatvariatiODS occur, as the varied aagort- 
i, tak«n iu with the breath irom the dust iit the air. are preuipitated. and 
rior part of the nose ; lience the ft'equeufv of SiihtHin {Ootsclilich, ' Kolle 
u. Wass. Handb.,- 190a, i., S. lia ; Hasalauor. Zml./. BiJit.. Ori(f., 1908, ili., 8. 796). 

ForiDRrly a bactericidal function wna attributod to the atkaliuu nasal secretion, and 
— I -aiia tends to the \-ii:n- that the nasal secretion i.i nieiwly a bad nutritive mcditun. 
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I must further state that these cocci comparatively often show a 
ha^moljtic activity which, according to Max Neisser, is a peculiarity 
of the pathogenic cocci. Further research is necessary on this 
question.^ 

The following cocci should be considered identical with the Staphylococcus or 
Micrococcus albus^ (usually non-liqiiefaciens) : 

Coccus albus non-liquefaciens (Fick). 

Staphylococcus albus non-liquefaciens (Rjmowicz). 

Staphylococcus epidermidis albus (Morax, Griffith, Jackson, Lawson). 

[Staphylococcus habanensis (Santos- Fernandez) ?]. 

Micrococcus epidemiidis albu^ (Randolph). 

Micrococcus albus non-liquefaciens (Fick). 

Staphylococcus brevis (Griffith), distinguished by the small size of the cocci. 

Diplococcus ampins (Gromakowski, Basso). 

Micrococcus candicans (Fick, Gombert, Marthen, Bemheim, Bach, Lachowicz, 
Dudzinski, Basso, Rymowicz). 

Further, the greater proportion of the organisms called Staphylococcus pyogenes 
albus by many authors, and the Trachoma cocci (Michel, Kucharsky, Sattler, 
Goldschmidt, Staderini, Poncet. Petresco, Lawson), whose more exact 
description agrees essentially with the Micrococcus albus. 

On account of the morphological similarity which these cocci, in secretion films, 
can show to the Gonococcus, I have named them Gram-positive Pseudo-gonococci^ 
easily distinguishable by Gram's stain. This name is also used by Uhthoff, Brecht, 
and others, with the same significance. The name does not signify that the organism 
is a variety of the Gonococcus, At a later date I have used this name for the Gram- 
negative Diplococci resembling Gonococci, naturally merely to signify that these 
are morphologically similar Diplococci, which, however, cannot be considered as 
Gonococci. 

Amongst the Gram-positive Pseudo^onococci the Micr. albus and its allies take 
the most important place ; it is exceedingly rare for pyogenic cocci to present this 
double appearance so thoroughly as does the albus. 

The following occasional varieties are closely related, and, like the white coccit 
have a low pathogenic value : 

Staphylococcus cereus albus^ (Santos, Fernandez, Basso). 
Micrococcus cereus albus (Lachowicz).' 
Diplococcus albicans (Gromakowski). 
Diplococcus albicans tardus (Basso). 
Diplococcus albicans tardissimus* (Basso). 

* Bossalino succeeded by nassage through animals in exalting the Wrulence of an aureus, 
which was low when obtained from the coiyunctival sac of a rabbit oj^rated for cataract. 
Rui)precht has commenced a similar attempt with the common albus in my own laboratory, 
ana lias sometimes had definite exaltation. 

- In the lists by Brandt and Rosenthal, where the raajoritv of the organisms here quoted 
will bt* fount!, they ai-e erroneously arranged Jis different sj^ecies, soi^e as jMithogenic, others 
as non-mthogenic. 

* This variety, recorded by Passet, and characterized bv a waxy gloss, thick growth, 
sh»w develojunent, and no liquefaction of gelatine, was considered as pyogenic by Gilnther. 
It is not so in the siime sense as is aureus, and it is not pithogenic for animals. 

* Abelsdortf and Neumann identify their (Jram-negative hiplococri with this or^nism. 
The single statement of Bumm that the JhphntKi-us tanUssimus is (iram-negative, on 
which AWlsdorff and Neumann base their diagnosis, cannot, however, l>e allowed. 
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I have often seen nlbii-nrui organiBUiB, which bom slow growth have appeared 
as thicker, whiter, and shining culturei, though odIj' as isolated colonies. 

The organiam which Bach and Basso described as Mtcrococeui eoncenlriciit la 
characterized by the very definite concentric marlting of its RaX sliglitly irideecent 
colonies. I have sometimes cultivated this organiam ; it is comparatively rare. 

White StaplvyUieocci, markedly pyogenic and thoroughly deserving that title, 
which rapidly liquefy gelatine, and in nmall numbers produce a purulent keratitis, 
are rare ; very few oC the cocci described in the literature under this name can be 
certainly identified as such. A certain number of the cocci described as Sfnphijlti- 
eoeeui pyogenea albas and Microaoceus pyngcnet nlhim belong to this group ; how 
large a number cannot be stated with certainty. My own experience of a large 
number of conjunctivie has been that a markedly pyogenic Staphylococeiig pyogene* 
albas is rare in the normal conjunctiva.' Ueim (' Lehrbuch der Bakt.,' 1906) states 
that he has never obtained the Utaphylacoceue albui from pas, and contrasts with 
the Staphylococcut pyogenes aureut the ' skin cocci,' which the common con- 
junctival cocci BO strongly resemble. I quote this opinion as arte of many, only to 
illustrate how, in this respect, the conjunctiva presents analogies to the sur- 
rounding skin. 

Amongst the colonieB designated by many authors as Staphylococcus 
pyog'enes aureus (Rosenbach), there are some which do not merit this 
name. Their diagnosis should not been made so rapidly as is often 
the case, merely on account of the yellow or orange-yellow colour.^ 
A mistake here is far less frequent than in the case of the white cocci 
of the conjunctiva, for the majority of such orange-yellow colonies do, 
as a matter of fact, prove to be the pyogenic form with the well- 
known characteristics, of which I will only give a summary : 

Round cocci of variable si/e, averaging O'T to 0'9 n (GUnther) in diameter, though 
in many purulent eSusions larger or smaller (l/. p. 236), multiplying by fission. 
(Individuals dividing appear as Diplocncci, and though when deeply stained appear 
round cocci, when faintly stained may show the line of cleavage.) They usually he 
in clusters, and stain deeply by Oram's method. Growth occurs on all common 
media, even if weakly acid, at room temperature or in the incubator. 

On agar or blood-acrum round raised colonies, with smooth edges, develop. Under 
the microscope they ap(>ear coarsely granular. Macro scopically after twenty-four 
hours' growth (aerobic) moist, glistening, greyish -white colonies appear, and in the next 
tew days take on a bright orange-yellow colour, the depth of which and the rapidity 
of its development vary with different strains. Many develop the colour more quickly 
when daylight is excluded. 

When kept for long in a bright light, on the contrary, the colour fades completely, 
Itis retained for a longer lime in the dark. (This occurs in ' pre serve d^^cul tares.] 
After continued propagation the formation of colour gradually diminishes, and in 
the end completely disappears.' It can be recovered by passage through an animal, 

' I have been able to gain a large experjenco on this questimi, seeing tjjst inmiy 
investigstont douig bacteriological work in my labomt^ry begin nith ttie nonual ran- 
jnuctivn, especially thuir own, and conduct vinileiice tests of the urgauisms found. Tlius 
I am ablo often to dcmoDstrate io my clinic the relatively banuliHS nature of the onn- 
JQUctival ui){&uisnis. 

* H. Neisser mokes the same criticism of the recorded findings in Ilie air, etc. 

* Leber lias observed these colour \-ariatioua Moi^- ATtters would explain aureut and 
IS varieties, each of which can bo transformed into tho other. 
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though there are strains which remain permanently bleached, and then appear as a 
dirty white Staphylococcus pyogenics. 

Bouillon and gelatine, in which the Staphylococcus pyogenes aureus grows rapidly, 
become acid^ the latter showing a beautiful liquefaction, with the formation of an 
orange-yellow deposit at the bottom of the excavation. When the gelatine is 
completely dissolved, and similarly in the bouillon, a thick slimy deposit is formed. 
The cultures smell like sour paste. The formation of acid is specially strong in the 
case of media containing sugar. Milk is coagulated. 

Auretis remains living and virulent for a very long time, but its pyogenic 
properties gradually disappear on cultivation, though they can be regained 
by passage through an animal. 

Its pyogenic activity in the cornea causes ulceration; if very virulent, rapi 
perforation and panophthalmitis. Infection of the anterior chamber and • 
the vitreous as a rule leads to panophthalmitis and discharge of the pus external! - 
The degree of inflammation de))ends, of course, upon the number and the vimler 
of the organism in question ((/. p. 79 of the * Researches of Andogski '). Less ac- 
intlamiiiations may occur, just as in the case of ulcerative and fungating ei 
carditis. In the serous cavities, and also. in the eye, such cases have been obscT 
{cf. * Wound Infection,' p. 159). These have been experimentally studied by L- 
and Deutschiiiann. 

Among the pyogenic toxincs^ formed by the aureus, the most importai* 
leukocidin (Van der Velde), and stayhylohjsin^ a powerful hsemolytio pr 
isolated by Noisser and Weehsberg, which is very readily obtained from bloo 
taining media. This hemolytic action and the power of producing a h»\ 
serum and iuununity, according to M. Neisser, is peculiar to the pyogenir 
and supplies a delicate differentiation from the purely saprophytic Staphy 
An agglutinating serum is produced, and a ' serum diagnosis ' in c 
staphylococcal infection is possible by testing the clumping power. 
be admitted that a positive result is not always feasible in an isolated staph; 
infection. 

According to the researches of Keufeld and Rimpau, and also of ^^ 
* bacterio-tropic * property of the serum — i.e., the increased phagocyti- 
is often increased agamst Staphylococcutt in the case of staphylococcal 
A ))ositive diagnosis by this means has not yet been made. 

Besides the Staph ylocorcus pyogenes aureus, there are a number o 
which produce a yellow pigment. 

Lehnmnn and Neumann classify the other cocci which develop sulpl: 
coloured pigments on gelatine and agar as follows : Micrococcus lufei 
liquefying; gelatine culture coarsely granular); Micrococcus flar 
gelatine culture finely p^ranular, powerfully li(iuefying) ; and Microeor 
(Zimmermann — gelatine culture finely granular, not liquefying), 
non-pathogenic. 

The Microntrcus aHrantiacuSy found by Basso and 
conjunctiva, and also occurring often in the air, is oran': 
not liquefy gelatine, and is non-pathogenic. 

^ Bv a i)nK.('s.s of ulcohol precipitation, Leber denionstmted an 
clM'iiuDtactir deposit of ithlttgoMiii, which contained the staphylococcal ; 

- ConiM'riiin«^ t\w further toxic actions — uoorosis, pigmentatir^i- 
f('rmcntnti«>n, s*'o Noisser and Sipstaiii. Iobl eUm 

^ Dr. Kiipjtn'c'ht and myaol^ ' "vlts with the Siofhyl 

wliii'li coiitnulict this: w>^ He case of non-patli 

conjunctiva. 



THE NOEMAL CONJUNCTIVA 41 

frequently in the secretions from dacryocystitis. As the infection in 
many of such cases comes from the conjunctiva, they must not be so 
rare in this situation ; or else we must conclude that dacryocystitis 
has a tendency only to occur in those people who have PneumococcL 

At any rate, the results of the earlier researchers, who never found 
them at all on the normal conjunctiva, are not conclusive ; although 
from the recorded findings, the Pneumococci may not be demonstrable 
in a short series of cases. It is unnecessary to emphasize the fact 
that this occasional occurrence of the Pneumococcus on the conjunctiva 
can be reconciled with its frequent pathological significance {cf, chapter 
on * Pneumococcal Conjunctivitis ')• 

The Pneumococci which we cultivated from the normal conjunctiva 
were of low vitality, and very slightly, or not at all, pathogenic for 
animals. They evidently suffered from a want of nutrition in the 
conjunctival sac. A danger of wound infection could only arise from 
them under very exceptional circumstances. That they can, however, 
play a part here is proved by many occurrences of wound infection, 
and especially by a case in our clinic published by Oertzen {cf, 
'Pneumococcal conjunctivitis ' — literature). 

Streptococci rarely occur on the normal conjunctiva. The recorded 
cases in the literature, the evidence of which is merely from cultures, 
can be regarded with a strong suspicion that they were really Pneumo- 
coccL The latter readily grows in chains, and when all the differen- 
tiating tests are not carried out, especially the inoculation of a mouse 
and examination of its heart's blood for lancet-ehaped capsulated Diplo- 
cocci, a differential diagnosis is often quite impossible. This test, how- 
ever, has only been applied to a very few of the so-called Streptococci, 

The following isolated, and generally non-pathogenic organisms, 
have been found, which need not be further considered; into their 
differential diagnosis I will not go : 

Micrococci : 

Diplococcus or Micrococcus roseus ^ (Bach, Basso) ; Diplococcua fluorescens 
liquefdciena liquidtcs (Bach, Basso) ; Micrococcus prodigiosus (Schmidt) ; 
Micrococcus cinnahareus (Bach) ; Micrococcus aqv^tilis (Basso) ; Micro- 
coccus cameus (Basso) ; Pediococcus cerevisiic (Basso) ; Micrococcus coro- 
naius (Lachowicz) ; Micrococcus coryzce (Bach).J 

BaciUir^ | 

Bac, nodosum parvus (Marthen) ; Bac, luteus (Wilbrand, Sanger, Stahlin, 
Jackson) ; Bac, cvticularis (Bach) ; Bac, inflatus (Bach) ; Bac, mesentericus 
(Bach, Franke, Basso); Bac. proL vulgaris (Fick, Bach, Puccioni); BorC. 

* These ai-e classed together by Lehraaim and Neumann. 

2 The identification of many of these bacilli is not very satisfactory. 
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a packet form of Micm-ocais telra(irnus,^ s,nd ca,]\ed it Sarcina tetra- 
gena. This name has since been confirmed and adopted by Lehmann 
and Neumann. The lelationabip between the !:iarruiie and the Micrococci 
is etili further pursued by Stubenrath and Lehmann and Neumann, 
who speak of a ' Barcina-form ' of their Micrococcus littciis andjlaivs. 
From the Micrticoccus rosi:us, loo, they developed a Sarcina rosca.^ 

Sarciiue are generally distinguished by their slow growing, very 
prominent and deeply-coloured colonies especially well seen on agar 
or potato. Gram-Btaining in general is positive, but there are Gram- 
negative Sarchiic. I have myself grown one from the conjunctiva, and 
in the secretion preparation it took the form of large Gram-negative 
Diplucocci rolled up in balls, surrounded by a clear envelope like a 
capsule (cf. Plate II., Fig. 3). 

Gasparrini (1895) was the first to positively assert the presence of 
Pneumococci on the normal conjunctiva. He stated that he had 
found them in a virulent form on 80 per cent, of normal conjunctivte, 
thus proving that this membrane resembled the buccal cavity in 
generally containing l^neumococci. In collaboration with Oertzen, I 
have proved in a large aeries of cases, on the contrary, that the Pneti- 
mococnts is not so common in the conjunctiva as is the Xerosis, or ae 
the 80 per cent, of Gasparrini would show. It was necessary to settle 
this question by a long aeries of examinations, for Gasparrini's state- 
ment had entirely altered our viewa of the danger of infection. The older 
records in the literature referring to this problem could not be relied 
upon, aa Gaaparrini had used an entirely new method — namely, the 
direct introduction into the tissues, of the conjunctival secretion on 
sterilized swabs. We did not obtain a pneumococcal infection in a 
single instance when using Gasparrini's method, and therefore con- 
eluded that some mistake bad occurred in his experiments. "VVe, on 
the contrary, using very susceptible glycerine agar, only found Pnett 
mucocci twice in forty-nine eyes. The J'neinnorocnts can be found 
here and there on the normal conjunctiva. Lawsou carefully examined 
200 cases with blood-serum, and found it only twice. 

Rymovicz {loc. rit.) found it in 9 per cent, of his cases, Heinersdorff 
in 5 per cent. Seeing that the presence of Pneumococci, in the small 
numbers in which they occur, is rather diEBcult to demonstrate, it is 
not impossible that they really occur somewhat more frequently. I 
incline to this view because of the fact that Pneumo coca pBBU T ao very 

th« coujuurtiv.v liy D " 
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occurs solely from the action of the orbicularis muscle, especially that 
portion called Homer's muscle. Under these circumstances, organisms 
which have got in, even if pathogenic, cannot easily settle down, 
unless, like the DiplobaciUvs, Koch- Weeks, etc., they have a special 
affinity for the conjunctiva. Even when there is a special predilection 
for organisms, such as occurs in the case of the white Staphylococci 
and Xerosis, which are always working in from the lids, a true 
growth only occurs to a very limited extent under normal circum- 
stances, and similarly the development of a high degree of virulence 
is difficult. The conjunctival mucus is only a moderately favourable 
medium for growth (Bach). 

It is well known how, by 'antagonism *^ or by choking, the presence 
of the normal saprophytes c^n hinder other organisms from settling 
down or growing. It is not known whether any such peculiar property 
occurs with the commonest inhabitants of the conjunctiva, the white 
Staphylococci and the BaciUvs xerosis, to such an extent as to be 
important in the pathology of the eye. In cultures they flourish 
alongside the pathogenic organisms without causing them any 
demonstrable restriction. Bapidly growing pathogenic forms, such as 
Staph, aureus, Bac, coli, or Pneumohacillus overgrow the BaciUtts xerosis, 
completely cover the medium, and change its reaction, before this 
latter organism can develop. In the case of the ordinary Staphylo- 
coccus albus, which alters media far less rapidly or markedly than 
the aureiLSy the development of the DiplohacUlus, Koch- Weeks bacillus, 
influenza bacillus, or Oonococcus^ is not restricted in spite of their 
BUBceptdbility and need for alkalinity. 

On the contrary, it is not impossible that the conjunctival inhabi- 
tants assist in determining the deposition and growth of many germs. 
The extremely intimate mixture in which xerose and Koch- Weeks 
bacilli occur in secretions and cultures was long the cause of our 
inability to obtain pure cultures of the latter, and still makes its pure 
cultivation exceedingly difficult. In slight cases, where the organism 
has no high degree of virulence, a mixed growth of xerose and Koch- 
Weeks bacilli can be cultivated, although the latter often cannot be 
propagated alone, and dies out. The function of the xerose is 

* Garr^ found an antagonist to the Staph, aureus in the Bac. fiuoreac. putridus ; 
Doderlein, Menge, and Kroenig in the anaerobic vaginal bacilli. 

' The conclusion which Randolph (Bull, of Johns Hopkins Hosp., Bait., October, 1906) 
drew from typhoid bacilli not occurring in the conjunctiva in tyj)lioid fever, and the 
Pneumococeus being as common there in healthy subjects as in pneumonia j>atients — that 
these organisms are held off by * antagonism ' — is certainly not proven, and is unlikely. 
Such an antagonism does not occur in cultures. There is no reason to presume that in 
these diseases the organisms are very often carried to the conjunctiva. 
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symbiotic. The same is true for the allied influenza bacillus, which, 
according to M. Neisser and Bymovicz (' Postemp. okul./ 1901), can be 
propagated in symbiosis with xerosis, but alone dies out even on 
hsBmoglobin media. L. Miiller has also recorded the benign influence 
of what he calls * air germs ' — i.e., the Staphylococci — on his bacillus 
{B. Miiller), i.e., the Bacillus injiucnzte. The conjunctival Stajihylococci 
also have the same action. Usher and Eraser have corroborated this 
by numerous experiments (R.L.O.H. Eeps., 1906, xvi., p. 434). Bacillus 
xerosis, Staphylococci and Dijdococci, favour the growth of Koch- 
Weeks bacilli, which flourish in their vicinity, when cultures are made 
from these united organisms. The Koch-Weeks organism can subse- 
quently be cultivated alone, though at first it would not grow without 
their presence. 

Bymowicz has reported a similar fostering action of xerosis on the 
Diploharilhis. In conjunction with Macnab I have, after many trials, 
failed to convince myself that such is the case. Both organisms 
grow well together on blood-serum, but the Diplobacillus does so alone. 
We failed to induce strains of these DiplobaciUi, which would not grow 
by themselves on simple agar, to do so in symbiosis. Similar 
attempts with Gonocncri have so far failed. 

The fact that Koch-Weeks bacilli are pathogenic exclusively in the 
eye only finds a partial explanation in its symbiosis and furtherance 
by the xerosis, for pseudo-diphtheria bacilli occur also in the nose, in 
the throat, and elsewhere ; but the Koch-Weeks is not pathogenic in 
these sites ; although carried by the tears, it comes freely in contact with 
their mucous membranes. A complete explanation of this exclusive action 
on the eye is for the present not available, as in the similar phenomenon 
in the case of trachoma. Some affinity, or some peculiar type of 
' receptor,' must be present to determine the infection in this locality. 

The support which the Koch-Weeks and influenza bacilli receive 
from the presence of these organisms is repaid by the improved 
nutritive conditions for the saprophytes due to the inflammatory 
reaction produced by the presence of the pathogenic organisms. 
Xerose bacilli from an inflamed conjunctiva grow more easily, more 
profusely, and are not so dried up. In the case of Staphylococci this, 
however, is less marked. In some cases certainly the catarrhal 
secretion seems sufficient to cause the saprophytes to disappear, and 
that to a varying degree in various infections. Thus, for example, at 
the height of a pneumococcal conjunctivitis the Pneuviococci may be 
found in pure culture, but as it decreases the saprophytes again 
become evident. 
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Opinions vary as to whether any increase of virulence in the 
aaprophytea — xerosis and Staiiliiilucoccus — is possible from the rise of 
temperature due to the inflan^matory process, the increased nutrition 
of the part, and the symbiosis with pyogenic Bacteria ; and whether, 
as a result, these saprophytes may become pathogenic, and play 
some part in the further development of the inflammation. Gourfein 
and Doret iThhe de Gem-ce, 1905) state that the Baviliw xeroaia 
causes a more marked reaction in the cornea and anterior chamber of 
a rabbit when it is got from an intlamed conjunctiva than when 
obtained from a no:mal one.' 

Pes reported having produced an inoculation a'dema when using 
B. xerosis and Slai'lii/lonirciis, obtained from an acute conjunctivitis, an 
observation which Bietti could not confirm. Bardelli found that 
Stapliyhiroixi from the hyperfemic conjunctiva of cataract patients 
after operation, were more virulent than those from a normal con- 
junctiva. The experiments which I made with De Lieto-Vollaro^ did 
not confirm Bardetli's opinion. The possibility that such may be the 
case cannot he denied, but the virulence varies within narrow limits. 
Further research on these points is desirable. 
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General Infection arising rrom the Normal Conjunctiva. 

The Bacteria wasiied away from the conjunctiva by the tears come 
in contact with the mucous membrane of the nose and pharynx. 
A path of infection ia thus supplied for many organisms. Certain 
experiments on animale have shown that a fatal infection may arise 
from the normal conjunctiva, though it certainly does not occur in 
the manner stated by De Bono and Frisco,^ who affirmed that 
li. pyocyanfiit or jmiiliijiusne (both so-called aaprophytes), B. antliracis, 
the tubercle bacillus, and ^taplii/toi-occus pi/o'jeneg aureus, could fiud 
their way directly through the intact conjunctiva iuto the globe, the 
orbital tissues, or the ethmoid cells. They arrived at this conclusion 
from operations involving the extirpation of the lacrymal sac, or the 
obliteration of the canaliculi. 

Stock," using the most careful technique, was absolutely unable to 
confirm these striking assertions. We certainly can exclude the 
possibility of any passage of organisms from the normal conjunctiva 
into the healthy globe. The epithelium ia a certain protection, and 
Bacteria can only penetrate it when it has become affected by 
inflammation or such like. 

Romer,^ to whom we owe a thorough examination of this subject, 
could only find a direct penetration of organisms into the conjunctiva 
when mechanical or chemical damage had been done to the epithelium. 
Mayer,* Hirota,'' Hertel* came to the same conclusion. 

The organisms of plague (German Plague Commission), anthrax, 
mouse sepliciemia, chicken cholera, the Pncumococci, the organisms of 
mouse typhoid, glanders, " psittacosis Noeard," tuberculosis, tetanus, 
hydrophobia, the pseudo-tubercular bacillus of Pfeiffer' (Deyl) , Eiblwrfa 
bacillus of gastric diphtheria'^ (Braunschweig, Conte, R(3mer, Hertel, 
Mayer, Hirota), very readily produce a general infection in white mice 
and rats, less readily In guinea-pigs and rabbits. If a smalt quantity, 
e.g., of plague organisms is introduced into the conjunctiva, death 

• ■ Sulla jientiealijlita vi^rao i iuii;ruoi-gauisTuu iIbIIb nmiMie cxjQpuiitiviil e nwule irtatte 
ia raportu alle iiifezioni endoualari ' lArcli. di OOid., via., (i. 401). 

" ' tJIiRr lufektion vum Coujmictivtilsaok uud vod dvr Nase sua' {K. M, f. A., 1902, 
S. 18). 

' ' Exin-riiBontclU Unwrauchmigeu tllwr InfektJoB vom Oonjunctivalsaok sub' {Zeil. f. 
llyg. tt. laf.. xxxil, IS, 6. 385). 

• 'Zur kenuluis dcr iDfektidli vom Con! unctivd sack aua ' (Wiea. Mid. Woeh.. IBDI, 
No. 91 

• ' tllwr die lufektiou vrini imverlaUten Bindehnutaafkit txn' (ZeiU. J. Bald., xxii., 
Heft 6, 8 190). 

• RciHirt from tho Kainert. Ottaitdhtilaamt, 1904, ix,, 8. S. 

' ' Expi-runeuWl Reasarcli ainattniug Pspudu-tulwrculoaia, ca[iecia!Iy iu the Ej-e ' ( I'rag 
Acid. de« Sc. de I'Empereur Freni;uU Joseph I., 1804). 

• Fortf h. d. Med., 183P, 8. S09. 
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soon occars. This results, however, from their passage through the 
lymph channels of the nose and throat. This latter site was shown 
by Kibbert to have been the entering point of a streptococcal infection. 
If we are to judge by the action of carmine dropped into the sac, the 
invasion of the Bacteria begins in the lower part of the nasal duct. 
When the canalicali are closed, no general infection ocemrs. 

We find a similar state of affairs in man. The smallest lesions 
under certain circumstances are sufficient, so that clinically the 
conjunctiva may appear very slightly affected, and may rapidly return 
to the normal, even in cases where it has been the point of entrance 
of a general infection. Nicolle and Dubois^ obtained swelling of the 
pre-auricular gland (which cannot be due to any nasal condition) 
in glanders after the material infected with glanders had been 
introduced into the conjunctiva, which itself showed no special 
changes. 

The conditions may vary in different Bacteria as regards the human 
subject. It is quite impossible, however, for organisms to pass into 
the interior of the healthy globe from the intact conjunctiva of the 
human eye. 

Pathogenic Protozoa can also cause general infection from the 
conjunctival sac. This has been recorded by Stargardt in the case of 
the TrypanoHoma eransii, the cause of surra (in horses), by Bomer, 
with 7V. gambiensi, the cause of sleeping sickness (' Ophth. Gongr. 
Heidel.,' 1906, SS. 317 and 325). 

The same thing may be possible in human beings with the 
organisms already mentioned. A severe general infection from the 
conjunctiva has only been observed in the case of acute streptococcal 
infection (see p. 205). In pneumococcal cases and pyogenic staphylo- 
coccal cases we may thus explain the slight rise in temperature, 
which also occurs in Koch-Weeks cases. The general symptoms in 
true (L6flBer*8) diphtheria of the conjunctiva are mostly toxic. For 
further information see chapter on * Conjunctivitis.' 

* Prrsfic Midicale, 1902, j.. 977. 



CHAPTER III 

THE LIDS 

Thb bacteriology of the lids is the same as that of the surrounding 
akin.' Normally staphylococci are present, espeeially the white 
variety, having little or no power to liquefy gelatine or produce an 
inHammatory reaction — the same StajihylococeKs alhuH epidennidig we 
have already noted in the conjunctival sac. The majority of the 
cocci preijent are closely related to the Microi-occus candtcans (see 
' Normal Conjunctiva '). 

There are very tow recorda available relating to metboilicBl examinalioD of the lida, 
and tlieae require supplementing by iFirger series, Terson and Cuenod' examined 
twenty normal lids in Pan&a' laboratory. The white Stnphyloeoctt obtained onlj' 
once produced a severe purulent keratitis. On every other occasion the infiltrate 
at the site of inoaulation healed up rapidly and spontaneously. The name petit 
abe?», which CuSnod gave to this reAotion, cannot be recommended. It is doubtful 
whether a rise in virulence may not occur (<■/. p. 60), and whether the action does 
not differ in the human cornea. 

M. Nciaser and Wechsberg considered that pathogenic Sliiphi/tococci are apeoially 
characterized by a hs^molytio function. In the case of five white Staphylococci, 
grown on blood media from the ekin, such was absent, and the regularity and 
coiMtancy of this phenomenoti is still to be demonstrated. I regularly obtained 
a hu>molysia with six strains of white Slnphyloioiri obtained from the normal 
conjunctiva, only one of which had definite pyogenic properties, Gallenga. 
Gifford, Bach, Brandt^ have all found these Stapliijhicoeci ; my own Sndings also 
are uniilar. 

Yellow Staphylococci are rarer, bat still are more common than on 
the conjunctiva ; these yellow cocci, though of low virulence, generally 

are definitely pyogenic. 

Virulent bacilli of the diphtheria group are often found on the 
skin ; at the lid margins they regularly occur in large numbers. 

Cu^nod and Terson only succeeded in cultivating such bacilli once in twenty 
coses, but they worked with blood-seruin, besides which the platiniuu loop (which 



' C/. Cotachtich, ' Haudb. v. Kol].^ u. Wdss.,' 1903, Bd, 
uiimaleii Kaut' 

• Thin de ParU, 1894, ' Bact. e " 

* Inang. Disaert, Wliriburg, 18 
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they used) does not take up sufficient material Xerose bacilli will generally be 
obtained if we scrape the skin rather firmly near the lid margins. Further away 
from the eye their number, relative to the cocci, diminishes, bui they never 
entirely disappear. 

Though Staphylococci and xerose bacilli are the only constant inhabi- 
tants of the normal lid margins, all kinds of organisms can occar as 
accidental contaminations ; they have been observed in single cases, 
but not in large series, and are of very little interest. Cuenod 
definitely states that the other organisms which he found were not 
pathogenic. Micro-organisms forming chains have never been ob- 
served on the skin of the normal lids. 

To give a comparison with the rest of the skin, I will epitomize a paper of 
recent date : 

SUpfle (Zenir. f. BaJcL, Orig., xlii., 1906, S. 804) found that the normal external 
ear, like the rest of the skin, almost always contained large numbers of white 
Staphylococciy both liquefying and non-liquefying, which were either identical with, 
or closely related to, the Micrococcus candicans. They were never virulent. 
SarcincBf in small numbers, occurred frc(j[uently. Pseudo- diphtheria bacilli were very 
common, especially when there was much wax present (corresponding to the preva- 
lence of B, xerosis in the Meibomian secretion and fatty degenerated epithelial 
cells). Other bacteria, Micrococci^ Staph, pyog, aureus ^ and other yellow cocci (After. 
luteus, sulfureus, aurantiacus) ^ various bacilli, and moulds, were in comparison 
very rare, so that in general it could be said that only harmless organisms were 
present. Streptococci and Pneumococci were never found. 

The great similarity of these results with those found in the conjunctiva is 
obvious. 

The organisms mentioned are situated in the superficial layers 'of 
the conjunctiva, in the pores, the mouths of the glands and hair 
follicles, also on the hairs (Strohschein, L. Miiller, v. Pflugk, 
Gifford, Herzog). In the hair follicles they only penetrate down to 
the bottom of the ampullae (Herzog). 

The presence of these saprophytes and non-virulent organisms 
naturally complicates the bacteriology from an etiological point of 
view. They have been the cause of mistakes in dermatology, as in 
ophthalmology, and must therefore be carefully noted in the bac- 
teriology of the lids. 

Blepharitis. 

The mildest form of blepharitis, the hyperaemia marginalis or 
blepharitis squamosa, is hardly a primarily infective condition. 
The slight formation of scales, without pustules or ulceration, cor- 
responds to dandruff formation in the scalp, and is caused by a dry 
seborrhcea. This is confirmed by the bacteriology of the condition. 
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Cuenod,' who has paid particular attention to lid bacteriology, 
in thirty cases found large numbers of non-pyogenic Sfa{>li!j!'>aH-rus 
alhus, often in pure culture, and besides these only scattered 
examples of non-pathogenic cocci and bacilli of various species. The 
only difference from the normal lids waa that the number of colonies 
was greater and their development freer; they were not, however, 
pathogenic for the rabbit's cornea. Along with these we occasionally 
find yellow cocci, which are only sometimes virulent. Bayersdorfer^ 
came to a similar negative conclusion. 

Burchardt cannot be supported when he states that the connexion 
between S>ai>liiihr'irri and blepharitis is so intimate that he can 
diagnose " latent lid eczema ' merely from the presence of these 
organisms, without any other changes. 

The slight importance of the presence of Sta/'hyl'icKrci is shown by 
the fact that they also occur in comedones. Cuenod found them also 
in milium. Those cases, too, where the skin and margins of the lids 
are aflfected with acne rosacea cannot be considered as primary. 

The occurrence of hypenemia and seborrhiea of the lid margins is 
due to a combination of various influences — aniomia, scrofula, irrita- 
tion by dust, puberty, the menopause, eye-strain, uncorrected errors 
of refraction, etc. 

The lid margins participate in inflammations of the conjunctiva. 
Herzog considers that the increased secretion of fluids is the cause of 
this. Eijder and Truc'' lay too much atress on lacrymal affections. 

It is possible that this seborrhnea prepares the way for the true lid 
inflammation by blocking up the mouths of the sebaceous glands. 
Such a condition is well known to have considerable influence on the 
determination of acne vulgaris. 



Eczema. 
An acute eczema of the lids is just the same as an eczema elsewhere. 
A moot question will be discussed in the chapter on ' Scrofulous In- 
flammation,' as to whether the inflammation is to be ascribed to the 
presence of Bacteria, especially Staph, pnn'j, aureus (Unna, etc.), or 
whether this organism is only a chance conlamiuation (almost in- 
variable), which influences the latter course of the disease ((7^ p. 2'S4). 
Straub has paid special attention to eczema of the lids in scrofulous 
subjects, and found large numbers of Staph, aureus. The almost 

' ■ BiK'U ot Pureait. Cliu. rtes PaiipiJna,' TIUm dt Para, 1891. 

'' Quoted by Dei'liy, Amer. OpLth. OougreBs, lOOii. 

' TniG, See. <rOp/Uh., 1897, i>. 575 ; Roder, JC. If. /. A., 1887, 8. 261, 
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invariable presence of this organism in acute eczema has been demon- 
strated, from the dermatologist's point of view, by Scholz. Herzog^ 
takes the intermediate view, and regards the Staphylococci as causal 
in many cases of eczema where there is a disposition, and only as 
secondary in the other cases. 

The presence of pus-forming cocci in large numbers is a character- 
istic of hnpetif/inouH eczema ; Streptococci also are very often present. 

Impetigo coiitagioHa' sometimes occurs on the lids, and in the fresh 
eruptions we find large numbers of Streptococci,^ less commonly pyo- 
genic Staphylococci.^ Terson considered that the Streptococci were 
primary, and that the Staphylococci were a contamination which per- 
sisted after scabbing occurs. 

KoUe and Hetsch^ consider that there is not suflScient proof that 
the pus-forming cocci are really the cause; some unknown specific 
germ may be the cause of its transmission. 

Blepharitis Ulcerosa. 

When a suppurative ulceration develops at the lid margins, either 
as a primary condition or as the result of a simple seborrhoea, then 
the etiological bacteriological problem becomes of considerable import- 
ance, although in the course of the affection the general health of the 
patient and the condition of the nidus is even of greater interest. 

In searching for cases parallel in their dermatology, we meet with the difficulty 
that these lid changes are not thoroughly understood. Horner and Von Michel • 
were at great pjiins to introduce a dermatological classification for diseases of the 
lids, and considered that blepharitis ulcerosa was actually an eczema with excessive 
secretion ; this in hairy regions affects the mouths of the follicles, settling in them 
and causing the hairs to fall out. Infection, pustules, and chronic infiltration 
followed. Michel's pupil Herzog^ has recently given expression to the same views. 
According to him, the ulceration and abscess formation imply partly an impetigo of 
the hair follicles, partly a folliculitis suppurativa externa or interna^ or else a 
combination of these produced by the eczema of the skin.* 

1 Zcit. f. A., 1904, xi., S. K;:}. 

'■* Cf. Moberg, Miivch. Mol. Jf'och., IQOf), S. 209r>. 

^ Kiirth, Arbt'ifcn t/'S JCaiscr/. GrstuulheUsinnh's, vii., ]». 389. 

* Kaiirinaiiii, Arch. f. Ife.nnat. n. Syph., xlix,, 2-3. 

5 *Handb. Kol. u. Wass.,' Bd. iii., 1903, S. 903. 

^ ' llandh, dcr Au«j:('ii. voii (Iracff-Sat'iiiiscrji,* 1 A\ill., Lideikrankuiigrii. 

7 Zrit.f. Ai>(/., 1904. xii., S. KM rf scq. 

« Siiicp Muldri- {Nenlcrl. Tij»U. v. Oeiifsk. 1S99, ii., \k 803), Hinisclu' {Miinch. Mrd. 
jroc/i., 1900, S. lf)03), and Joius (Drutscfie Me^K WikJl., 1899, No. 1), liavr i>n>ved it to l)e 
quite as fVciiiU'iitly present under nuniial eonditions, tin* Siipro|>hvlie Aairus follicnloruvi^ 
<le.serilH-d ])y Riildniann (A'. JA /. A., 1899. xxxvii., S. 33) an<l Snellen, jun. (Ncederf. 
(hufh. Bijdr, 1899, viii., p. 8r»), as the e.aus«* of hlejdiaritis, has lost this atliilmted etiology. 
Oyenanl e^nie to th«' same losult (' Kl Dt-sniodex Follienloruni en los Paijiados Tcsis,' 1907, 
Buenos AyiHs). IL-izo^ (A'. J/. /. A., 1901, i., S. 177) «,nanted that it favoured the 
entranec of (mm-cI hy preparing the way. Majoeehi and Burekardt found Aairl in elialaziou. 
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On the other band, the affection of the hair follicles, with the forma- 
tion in them of email abscesses, strikes one so forcibly that the diseaHe 
reminds one strongly of an acne of some hairy region, of a sycosis 
simplex' ('sycosis staphylogenea,' Hetzog). Many cases of blepharitis 
are of this nature, especially those where a typical sycosis of the heard 
is present. Clinically, those forms of blepharitis which begin in the hair 
follicles cannot with certainty be distinguished from the eczematous 
forms, especially in their later stages. Herzog agrees with Unna in 
wishing to reserve the name ' acne ' for those cases where the gland 
ducts are blocked by a hyperkeratosis, and suppuration then occurs 
through the growth of organisms. He reserves the expression ' super- 
ficial or deep furuncle ' for those cases occurring independently of the 
formation of comedones. The isolated hordeolum usually belongs to 
the latter group, as do the cases referred to later. Widmark,- Leber 
and Sattler,^ and Gallanga,* were the earliest investigators of ulcerative 
blepharitis, also Deyl,'^ Barcbard,^ Gififord,^ Weeks,*" Straub," Morax,'" 
Bach," Terson and Cu6nod,'- Bayersdorfer, Herzog," and Duane," 
have worked out this subject. 

Aiireua was usually met with. In twelve paaeH from the bead of pus oocorring 
under the crust, Tuenod ubtainod iiiireiu pure eight times, mixed with Sli'phi/lo- 
iilbuK twice, and Shiphi/iocoi-riis ntbiu pure twice. The ruireutvat always 



very pyogenic in the rabbi 
direct inooulation from the 
was not tested. 

Bajeradorfer always got k 
result in ulcerativ' 



IS only slightly hi 
s always produced yellow 



In ten other ci 
>tci ; their virulence 



■lie from blepharitis ulcerosa. Straub hod the same 
BcrofulouB patients, Persi'ualli', I haio regularly 
obtained the <iiireu» iii marginal pustules of the lid. 

Hernog'a findings agree ; the Staphyk-cort-i which he obtnined very often showed 
a double form and varied greatly in size. The Diplorcrrna albiront which he grew 
from one or two cases is very cioaely related to the while n on -liquefying Sl'iphi/ln- 
riiceun, but has a low pathogenicity. 

He obtained Stuphi/lncoci'iia iilbiis in a patient with sycosis stapltylogenes of 
thi' beard and eyelashes. (Her/.og differentiates sycosis simplex from sycosis para- 
silica (herpes tonsurans; by the fact that in the latter the hairs break [off and 
in the former they completely disappear. 

> WiDsehiiaiiu (K. M. /. A,, 1902, xl., ii., ]i, 363) cunsidera bleplmi'itis ulceroui as a 
primal^ sycosis. 

» HinfUa. 1885. p. 581 : Btilrngr !■ A., 1891, Lei|uig, bei Veit il. Co. 

' 'Dip Bedeutung der llsktcrinlogie iu der Angenheilkuude ' (IiiternatiimuU'L' Oplitlwl- 
ntoloecnkougrem in Heidclbvrg, ISSR). 

* Hal. 0|ibtb. Kong]'. r.Bnua, 1888 {Am. di OUal., 1887). 

' ■ Cber einige Enteflndnugsn der Aui»ulider ' (BbhiiiiBolu- Akadi'njin d. Wi.>«i'uw;lia.fl«ii, 
863.91). 

* ZatU./. A., 1887, 8. 40, and Dermnl. ZeU., 189-1, i. 4. 

' A.f. A., 1886, xri., S, 167. ' Amor. Jour. orDprmsL, 1605, S. 36fi. 

* A.f.A,, 1892, XXV..S. 41«. " T\heaiPafi>. 1864. 

" A.}. 0.. 1864,, xl.,S. 3. " ' Bacteriologin dea Pauirieitjs,- 1884. 

" ZtU.f. A.. 1903, xi., aud 1904, sii. " A.f- 0., 1906, xxxv., S. 484. 
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Deyl,^ following up the experiments of Garr6, rubbed pure cultures of Staphylo- 
coccus pyogenes aureus into the healthy margins of the lid, and produced hordeola, 
folliculitis, and eczema. The point of entrance for the pyogenic cocci was obviously 
the mouths of the glands. The result of this inoculation, however, was not a true 
eczema, but rather an adenitis, which, under some circumstances, might even develop 
into a f urunculosis. 

There are cases where in the ulcers and abscesses we can only find 
white Staphylococci, causing a transient infiltration of the rabbit's cornea 
(Ca6nod). Unless we presume that there were other organisms pre- 
sent, which escaped recognition, we must conclude that pathogenicity 
towards animals does not in every case correspond with the efiects on 
man. According to this view, and considering the variable factor of 
personal disposition, it appears quite possible that even the less 
virulent cocci under favourable conditions can cause an inflammation. 

The irritation of the conjunctiva and the catarrh which accompany 
a blepharitis partly result from the blepharitis. It is in this kind 
of case especially that we find large numbers of Staphylococci along- 
side the xerose bacilli. 

Similarly a blepharitis can result from either a conjunctivitis or a 
lacrymal affection. Acute conjunctivitis is rarely the cause ; the 
chronic forms are more commonly so, especially those with lacrymal 
affections. By far the most common, and in practice the most im- 
portant, of this group are the diplobacillary infections (see p. 161).- 

Hypersemia marginalis, especially when it takes the form of an 
intertrigo and affects the angles of the lids, is very often solely due to 
a diplobacillary conjunctivitis, and is cured by zinc. It should be 
noted that the conjunctival secretion in these cases may be very scanty. 
When ulceration does develop. Staphylococci are found in the 
pustules, just as in blepharitis ulcerosa ; the Diplobacilli alone cannot 
cause follicular suppuration. . The cure of the ulceration, nevertheless, 
is dependent on the removal of the DiplobadllL 

The infective diseases of the lids are important in the pathology of 
the cornea^ and in wound infection. The forms of superficial keratitis 
and marginal ulceration associated with them are not yet defined 
from a bacteriological point of view. It is quite possible that the 
StajfJii/Iococci have a great deal to do with these complications, and 
their form and severity may depend on variations in the virulence of 
the cocci. Further bacteriological researches are necessary here. 

* • (jhcr eiiiigu Kutziiiiduiigcii der AiigeuluU'r ' (Akad. (Lt Wisst-nsch. Fmiiz Joseph I., 
Piag., 1893-94). 

- Tills lias V)(.'en especially trnpliasized l»y Macnab (R.L.O. H. Rep., 1905, xvi. 
p. 307 i. 

=* Cf. Terson, ' Conipl. Coruiieimes des Hlfj.h.' {lire Ocn. d-Oph., 1S97, No. 6). 



Hordeolum, Lid Furuncle, Lid Abscess. 
The mild form of hordeolum, and the deeper furuncle of the lid 
are pyogenic infections of the lid glands of varying severity. 

The nccompanjing Fig. 5 showa a lid furuncle arising in an infected sweat gland. 
The tubulu of the gland and its duct are plugged with a (black) mafia of cocci ; 
around is necrosis and inllammBtorj reaction. The cylindrical column of organisms 
forms a zooglcea mass, which extends beyond the usual calibre of the tubules. A 
similar, but more eupprficiftl. infection of the skin of the lid, and one arising from 
the l&nugo huirs, i= ^-'i^-.v) ■■■ I'i-. *• T'--. '■■■,ir= hnvr fallen out, and their places are 
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taken in the akin by plugs of cocci, surrounded by unstained necrotic tissue, outaide 
of which is a reaction zone, which finally will cause the separation of a surface 
slough. Such may be called superficial furuncles. 

The surface necrotic area ia not usually bo eitsnsive as this in a hordeolum. 
The hair is usually cast off early, as has been microseopicdlly demonstrated 
by Heritog, who showed that the spread of the cocci was not only along the hair 
follicle, but that from a folliculitis externa the cocci could break through into the 
sheath of the hair. 

These preparations were obtained from a newly-born child which had inflamma- 
tory nodules and pustules of varying size on its face and eyelids, and finally died of 
streptococcal sepsis.* I did not take cultures from the pustules, as that would have 
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spoiled this rare preparation. The infection was probably staph^lococcaJ, but 
Streptococcua brcvU could not be excluded, even aUhougb an infection of tha hair 
bulba by the latter ia so rare. 

The typical hordeolum is almost invariably a staphylococcal infection, 
jiiniix generally being the cause. Any condition which predisposes 
to furunculoais and acne can alao predispose to recurrent hordeola — 
anicmia, scrofula, diabetes, dyspepsia, convalescence from fevers 
(measles), etc. Hordeola may be merely incidents in a chronic 
blepharitis. They liave an intimate connexion with blepharitis 
ulcerosa. Recurrent hordeola, such aa toUon' measles, may be the 
starting-points of a chronic blepharitis, which leads to a deeper 




infeetioD of the hair follicles. Even the simple squamous blepharitiB 
or seborrhit-a can cause the formation of hordeola, which diminish 
when that condition is treated. Hordeola, sometimes with eczema of 
the lid, commonly occur when a bandage has been used for a 
long time. A furuncle of the caruncula lacrymalis is rare, and arises 
in the glands of the hair follicles. It usually contains Staphyloatcci. 

Virulent pyogenic cocci occur in all these cases, so that a contact 
infection can almost always be excluded. The cocci come from the 
patients themnelves. Seeing that only in a small proportion of the cases 
can pyogenic Staplii/lonini, usually yellow, be found in or on the normal 
skin of the lids, it might be supposed that it was only those having these 
cocci who suffered from hordeola or other staphylococcal akin affections. 
It is more probable, however, that the avirulent saprophytic cocci 
of the skin can become virulent, and thus, under predisposing 
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circomataneeB, lend to self-infection. The SiiqiiiylDimx-i vary in 
virnience, and when, through long cultivation, auiriix begins to lose its 
virulence, it can regain it by passage through an iinimat. Bosealino 
produced exaltation of virulence in a stem of (iiiiru^i obtained from 
the conjunctiva in a case of cataract. At first it was only moderately 
pathogenic for the rabbit's cornea, but after being twice inoculated, a 
severe purulent infection occurred. 

As with the conjunctiva,' so here, there is no evidence to justify 
a generalization that the common skin saprophytes can assume a 
marked pyogenic character. The experiments of Rupprecht in our 
laboratory, however, point that way. A. Terson- is very emphatic in 
favour of a transformation of the skin organisms into pyogenic forms ; 
80 are Duane and Hastings,* the latter quoting Gifford.' 

Wright's specific vaccine treatment shouKt be carefully considered 
in chronic staphylococcul affections of the lids. This subject will be 
fully considered later under the heading 'Opsonic Index.' 

The condition known in the literature as a 'Hd abscess '-Ms generally 
only a severer form of what we have already described as an infected 
gland, furuncle, or hordeolum. The majority of those cases of 
Gallenga's" which occurred ao frequently in the summer of 1904 fall 
into this class, Slaplii/lucnccwi ainrits and allms were found in the 
pus; Streptococcus only twice. Pyogenic Staph yhicwci are generally 
the cause of those circumscribed abscesses which have no special 
tendency to diffusion. In the case of those more profuse and phleg- 
monous suppurations which occur after wounds and erysipelas, 
Staphylococci'' can certainly be found; but the Sirept'wocci are more 
important, just as in the case of the phlegmonous dacryocystitis, 
in which Widmark has shown the importance of the Streptococcug 
pyo{ieneg. 

Lid abscesses have been noted after various general infections, but 
without definite determination of the organisms present.^ Frngiuelli" 
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ts, La PolicU»i.i,ic 'Itnu.). Sei.t*ml»l 
SW'litwocci'). 
ft- York Jled. Jour., M»v 26, IB06. 
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(Giith, Pragcr Med. 
ae uf thromlnisiH of 
fi'oiu a lid ruruDcli'. 



' Turaoii. Anh. tfOphth., IB 
1897 ; Biuiitcr, Beilragi :. Aug. 

* Loc. ffU., p. id5. 

* A./. A., 1887, ivL,).. 187. 
' fata] septic infectioQ ftom a liurdHoluiii ui lid alHoess is very ra 

Woeh., 1898, No. 3 ; UBlUmaBrts, I.e.). I hftve niywlf «een a fuUl 
the orbit and bidub, due t-n SliiphiiliK''KCU3 pyoyena aartia, whiGh uro 
Lvsulowghy doacribed a siniilur rer>ult in a hardvolnm. 

' La Citnira Oeulisliea, Outolxir, 1904. 

' Zia, 'Phleg. Ent;iuncL dct Liilcr u. Gangrou der Biadelmut durch Staphjlukokkcu,' 
' OphlA. XI.,' 1904, p. 306 ; Valudu, Ana (TOaU., 1890, C, p. SO. 

' Bock [.Ztiit. f. A., 1890, p. 503), Landalt {Semaiiif Med., 1890, No. 3), aud otliere, aftor 
innuenui Jacksou (Brit. Med. Jonr., Mantli ^3, 1895}, alltir warlat tiivei: Fauha ('Tuxt- 
boak,' 1906) roportg a lid abscess iu blennorrlinea. 

* (loi. InIenvU. di Medieina Pratiea, 19O0, iii. 286. 
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described a pneumococcal abscess following on a pseudo-membranoaB 
conjunctivitis. Gifford found sclerosis alone in some cases (Jour. 
Amer. Med. Assoc, October, 1903). 

Erysipelas. 

Erysipelas of the lids, just as elsewhere, is caused by the Strepto- 
coccus pyogenes. The Streptococcus erysipelatU first described by 
Fehleisen, cannot be definitely distinguished from the Streptococcus 
pyofjenes, either microscopically or by cultures, especially as the power 
of producing suppuration or erysipelas in animals can vary in one 
and the same strain of the organism. 

I am not aware of any special investigations of erysipelas of the eyelids. In cases 
where recurrent erysipelas arose from an infected lacrymal sac, I found Strepio^ 
coccus pyogenes in the pus from the sac, and Morax, Cu^nod, and A. Terson ^ have 
reported the same. Bacteriological examinations have been made of the less 
common lid abscess and the still rarer gangrene after erysipelas. Mitvalsky, 
Cuenod, and Gabrit'lid^s^ found Streptococci; Boger and Weil, on the other hand, 
found Staphylococci {cf, p. 63, * Gangrene '). This latter observation recalls the 
fact that Staphylococci can produce an appearance similar to erysipelas, but without 
the same infectiousness or peculiar method of spreading. 

Erysipelas of the face or eyelids can spread to the orbit and even 
to the meninges, serum treatment will perhaps be very valuable in 
such cases. 

It may be remembered that, according to Leber, in such cases an 
erysipelas of the skin may rapidly disappear, and that then the orbital 
cellulitis is the prominent feature (suppressed erysipelas). No bac- 
teriological examinations of such cases are available, and it is still a 
question whether or not a suppressed sinus affection was not the 
original cause. Von Michel* found Strej^tococcus pyogenes in the 
eruption of an impetiginous eczema resembling the bullous form, 
which developed on an erysipelatous area of skin. Mosetti* described 
a streptococcal suppuration of the lacrymal gland after erysipelas. 

Cases where the skin is swollen and there is a suspicion of ery- 
sipelas are only differentiated from a commencing eczema with great 
difldculty. To make a bacteriological examination the margin of the 
affected area should be carefully cleaned, the skin scarified, and the 
blood or serum examined for Strrptocorri, 

Cuenod holds the view that Strrptororri remain present in the 

1 'MaUidics dcs Pa\ipi<Mes, ' A'/z/y/r/. Fnt,ir. (VOphth., 1906, p. 399. 
'^ 'Ophthalinolopp Miciol)i(»l«.<;i(iiu-,' 1907. y. 320. 

3 Ann. til OttaJ., 190'., x.wiv. 3. ^ A. f. A., 1901, xlii., p. 301. 

''» CutMUnl, Th<\'ir ,lr Pnrt's, 1n94. ]). (i7. 
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thickened lids and face after erysipelas, juat as Subouraiid' found to 
be the case in similar akin thickenings of other parts of the body- 
Definite proof of this in the lids has not yet been brought forward. 

Gangrene of the Lids. 

There is no sharp demarcation line between those infections which 
cause abscesses of the lids and those inflammatory necroses called in 
the literature 'gangrene of the lids.' It must be noted that in our 
literature this name is not only used for that form of decomposition 
which, as Komer and Moras show, ia due to the putrefactive ISacteria. 
but also as a general term for any inflammatory necrosis of the lid 
tiaaues. The bacteriological examinations which have been made in 
such cases give various results, corresponding to the tact that the 
necroses can result from various infective agents. The possibility of 
a specific serum treatment (atreptococcal, anthrax, or diphtheritic) 
gives an importance to their bacteriological differentiation. 

Such coses can oircur in the (?ou»e of generid fevers {influeaza, uieasles, scarlet 
(ever, typhoid, small-pox, chickpo-poi. erj'aipelas, whoopinj^-cou^h]. Joas described 
an apparently me taatatic case after erysipelas. MitvaUky^ found Streptococci, Koger 
and Weil'fouud n on -liquefying Stiphylocoa-.i in & case of gangrene after orysipelaa. 
Riimer found Streptococci laA proteyig in gangrene after chic ken -pox. Aienfeld 
descril>ed a case of commencing gangrene of all four lids in a streptococcal diph- 
theria of the conjunctiva after mBosles, and similar casBH have been described 
clinically by Ficuzal and Knies. Valude and Mornx found Streptwocri in gan- 
grene following on a slight injury to the lids. Fes found Sfrejitucotrujr after the 
siting of an insect, and Staphijincuccus pyiigenea aureiu with Streplacoceat after a 
Hcvatch. Possek also found SIreptococciu. 

Other eases may be due to pi/iemic mfiastmex. The case quoted 
by Mitvalaky, in which gangrene from Strri>ti'n>cci followed endome- 
tritis, is certainly of this nature. I have seen and examined micro- 
scopically a metastatic lid gangrene from Staplti/hicorciui pyogenes aureus 
in a girl suffering from pyiemia. 

Iitfei-tioii hii Jiplithriia ImviU'i can also cause gangrene of the lids. 
In a case from Tiibingen (Schleich) Steffens and Hchillinger found 
diphtheria bacilli (along with Slaphihu-iicvi and Stvplovfc-i) in the 
necrotic tissues of the lid. They emphasized the importance of serum 
treatment. Mori and Yamanoto record another case of the same 
kind. Hala,* Randall, Kolle, Caspar (tjuoted by Brons), have described 
simil&r suppuration of the lids from diphtheria infection. These 

' Ann. de DcniuU. etHypli., Mftv. 18«0. ' A'. M. /. A., DeceniW, 1892. 

' Braer and Weil, MUngi^u IwuiKne dea PanpiiirtH/ /'rew J/AJ.. \W1, p. 157. 
* Jflrm. KliH. Jliiiul., 11*04, No. 40. 
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cases agree with what we observe in animals on infecting the con- 
junctiva after scarification with virulent diphtheria organisms, when, 
after subsidence of the brawny oedema, the hairs fall oat and actual 
gaps occur in the lids. In conjunctival diphtheria, too, the necrotic 
process and membrane formation can spread past the margins of the 
lids on to the skin; in such a case Uhthoff and Frtokel found virulent 
diphtheria organisms in the eczematous pustules of the face which 
accompanied the eye condition. In the case recorded from my clinic 
by Plaut the Staphyliuocri and Streptococci which he cultivated were 
only secondary, as the gangrene was due to excessive applications of ice. 
Marlow (Ophth. Rec, 1901, p. 626), under the title of * Noma of the 
Lids,' described a case of gangrene in a badly-nourished child. He 
gave no bacteriology, and it must be confessed that the clinical ' noma ' 
is not a bacteriological entity. Wagenmann^ and Vix^ only found 
Staphylococci. In Kipp's rare case of 8e7iile lid gangrened infection 
was only secondary. 
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Maligrnant pustule (anthrax, Miltzbrandgangriin, charbon) generally 
has a different appearance. The usual pustule appears, and rapidly 

1 DeiU. Med. U'dcU., 1901, V.reinsbeil, ]>. 236. - Inaug. Diss., Jena, 1901. 
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passes into a black spreading slough, frequently surroanded by a ring 

of superficial vessels.' Anthrax rarely begins as a pure (edema. 

Anthrax bacilli cannot atwaj'a be found in the fresh pustules or in the slough ; 
they have often passed into the tissues around, and in the slough we find pyogenio 
cocci and other Bacteria. The margins of the patch ebould be scarified, and there 
the oathrax bacilli will be found during thi> first few days. Later on it is neceBsary 
to eiamine the blood, and even then we do cot always get a positive result, Tht* 
organistUB are readily recognized aa spore -forming bacilli, Gram -positive, often 
segmentally stained, 3 to 10 f long and 1 to 2 ^i broad. They have a clearly stainmg 

Subcutaneous inoculation in rabbits and mice causes an <:edema, 
rapidly followed by haimaturia, and death usually occurs. When the 
virulence is low the animal may survive. Elschnig obtained such 
attenuated forms from a case of lid anthrax. Buy since obtained the 
B, anihracis in the serum exuding from the eearified lids in a case 
presenting the (pdematous type. Moreau describes a similar case. 

Sgrosso, Strzminski, Elschnig, Praun and Priiacher, Pes, and 
TertBch, describe typical cases of malignant pustule on the lids with 
the presence of the bacilli. 

In all such cases anthrax serum [Sobernheim (Merck)] should be 
used. It is said to have good results. 
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Chalazion. 

Acute infections of the meibomian glands, such as hordeola and lid 
abecesseB, are caused by the common pyogenic organisms ; concerning 
the cause of the chronic alowly-developing chalazion, however, opinions 
differ very much. 

Baumgarten and bis pupils Tangt and Wichert, and to a less 
degree Partsotti, considered a chalazion to be a manifestation of 

I A similar appearance may occur in cither iiireotioiis. (iuhrielid&t (' Ophtlialtiiulo^e 
MicrubiuloKique, IHOi, p. 310), instead of t)iu anthnd t>acillus nliich liu BijieL'ted. found a 
lacultAtiyc aawrobic (Irani -negative iKilar baaillus. n'liii;h fumicd on agar round, yelloniah- 
irhite colonies, without any odour, snd iu bnoillnu a diHiise cloudiDma. nith a distinct lUrTaco 
film ; which liqueKed blood-serum and gelatiuu, did not coagulate uiilk, and was very 
pathogenta for guiuoa-pigi. 

5 
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tuberculosis, on account of the presence of cell nests and Langhan's 
giant cells. This view cannot be completely justified.^ Direct im- 
plantations of the contents of chalazia into susceptible animals 
have repeatedly been made by Weiss, Deutschmann, Yossius, Asch- 
heim, Strzminski, and also by myself, without ever causing tuber- 
culosis. Tubercle bacilli have only been found in rare cases, and 
caseation has never been seen. The balance of evidence is against 
tubercle, especially when we consider that the presence of epithelioid 
and giant cells is not a certain indication of tuberculosis. We can 
only say that the rare tuberculosis of the tarsus (as also tumours and 
syphilis) can resemble a chalazion. When carefully and exactly 
examined, a tuberculosis is found not to begin inside the gland tubule, 
like a chalazion, but in the surrounding tissue ; this point is, however, 
very difficult to determine clinically. Stock, in his experiments with 
tubercle of the eye, produced a peri-acinar tuberculosis which broke 
through into the interior of the gland, and the clinical appearances 
greatly resembled those of a marginal chalazion. Baumgarten has 
lately weakened in his views. The occurrence of giant cells, which 
presumably correspond to the epithelium of the acini, is referred by 
Henke to the absorption of lime salts. The blockage of secretion 
appears to be of considerable importance in the disease, although, as 
E. Fuchs has shown, it cannot alone explain it. 

It is not at all unlikely that some infective agent, as well as the 
retention of secretion, is at work. In favour of this view we have the fact 
that a second chalazion often occurs on the other lid at the point of 
'contact, and also the considerable inflammatory reaction which some- 
times occurs. The common pyogenic organisms are not always found in 
the interior of the chalazion. Priouzeau certainly reports that, in the 
great majority of a long series of inoculations, he found the various 
pus-forming organisms, most often white Staphylococci, less often 
IHjdohacilU, Pneumohacilli,^ and Streptococci ; he considered that the 
Staphylococci had a causal significance. Along with Dianoux he claims 
the existence of an infective ' chalazion conjunctivitis.' On the 
other hand, it appears to be conclusively shown by Deyl, Hala, and 
others, that when the contents of the chalazion are isolated without 
contamination by conjunctival secretion, in many cases no pyogenic 
organisms can be found ; and it is quite clear that the presence of 
Staphylococci (Sattler, Dianoux, Vassaux, Lagrange, Poncet and 

^ Nor win tliey be olossitied as ' tuberculids ' of tlie skin, being considered by Hallopeau, 
Darier, and L. Dor as non-bacillary results of'gonezal tul>eixmlosis (jmizu- tuberculosis). The 
subjects are often (^uite healthy, and show no tuberculin reaction. 

'' Maklakow {A. J\ A., 190 l]i Bd. xliii., S. 10) described a case with Piicumobacillu 
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Boucheron, Addario, and Cuenod) ia not constant. I can congrm this, 
aaBiettiand I did not seepua-forming organisms in the majority of our 
cases of chalazia (of course, cases of acute hordeolum internum, which 
are generally due to such organiBms, esiiecially Staph, aunim, were 
excluded). The view that such organisms are present in the gland in 
the early stages, cause the irritation, and then die out, while the 
reaction continues, cannot be maintained, for quite in the early stages 
these organisms are absent. 

Deyl found the B. xensis very often in early chalazia, and that 
too in pure culture ; he called the organism the ' chalazion bacillus,' 
and considered it as causal. 

It is quite true, us I convinced myself years ago, that these 
bacilli can often be obtained in pure culture from chalazia which 
have only been present (or a short time. As they are normally 
present in the secretion of the meibomian glands, the question arises 
as to whether they are not indifferent inhabitants of the chalazion, 
and as such they could he present at the first. Deyl records the fact, 
on which Hala has again insisted, that the bacilli disappear when the 
lesion has existed for some time. In spite of this, however, we can 
see that the chalazion increases and grows even when its contents 
have been evacuated. Must we not, then, conclude that the ratisa 
H-ceiig ia present during the whole progress of the lesion, as is the 
case in other infectious diseases? If we give the Deyl bacilli an 
etiological role, it can only be with regard to the first onset of the 
affection, which we must consider as capable of continued development 
after the rapid disappearance of these bacilli. 

Deyl linds support for his contention in that he was able to produce 
small roimded tumours resembling chalazia, by directly injecting 
about a cubic centimetre of a thick suspension of the bacilli under the 
skin of the ear or under the conjunctiva. In such swellings the 
bacilli rapidly disappear. 

Hala produced the same result by injecting various bacilli obtained 
from the healthy or diseased conjunctiva, from the urine and blood of 
typhoid cases, etc. Dead cultures produced the same result as living. 
In these experimental chalazia the bacilli die out so rapidly that they 
can only be cultivated during the first few days. 

These results were confirmed by Bietti working with many xerose 
bacilli in my laboratory. It should, however, be noted that many 
different non- pathogenic bacteria, when injected in the enormous 
numbers which such a suspension contained, would produce a. similar 
result. Bietti produced nodes, similar except that they resolved more 
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rapidly, with Sarcina aurantiuca, dead Hefa rosa, a Paeudo-gonococcus 
and a Svhtilis organism. The chalazia do not contain these (Deyl) 
organisms in such large qaantity, but often only very scantily. 
According to Bietti's results, too, the Deyl bacillus cannot constantly 
be demonstrated in early chalazia. 

As the relationship of these organisms to those of diphtheria should 
be taken into consideration in every experimental research, Bietti 
repeated the lid injections in animals immunized to diphtheria with 
Behring's serum, and obtained the same result, even when the seram 
was mixed with the bacterial emulsion. 

With rare exceptions, the organisms obtained from chalazia, on 
subcutaneous or intraperitoneal injections even of large quantities, 
showed no pathogenicity for guinea-pigs. The formation of these 
nodes at the sites of inoculation bears no relationship to specific 
diphtheritic action, and Hala is wrong when he sees in them any proof 
of the identity of these organisms with the diphtheria bacillus. 

Under these circumstances the proof of the etiological role of the 
Bacillus xerosis regarding chalazia must be considered as not suffi- 
ciently established. We can only say with certainty, with Fuchs and 
De Yincentis, that there is an adenitis and a peri-adenitis, daring 
whose course masses of inflammatory material are formed, which 
resolve with difficulty, and that a granulation tissue containing giant 
cells results. Henke emphasized the presence of debris and crystals, 
which acted as foreign bodies. Whether the structures described by 
Alessandro as occurring in the epithelioid and giant cells really are 
Blastomycetes, still requires proof. How far bacterial irritation is at 
work also needs further investigation. Even if we accept the Bacillus 
xerosis as its cause, Hala*s explanation as to how the chalazion in- 
fection occurs still appears inadequate. He considers that the bacilli 
normally present in the conjunctiva are rubbed in by wiping the 
eyes, etc. As a matter of fact, however, the bacilli could not thus be 
brought into the meibomian glands lying in the tarsus where the 
reaction occurs, but only into their ducts lying in the lid margin, 
where they actually are found under normal circumstances, as are 
the Staphylococci in the hair-follicle glands of the skin ; and as these 
latter, in cases of special diatheses and anomalies of secretion, can 
produce acne pustules, a similar result may follow the action of 
the organisms which are found in the meibomian glands, which are 
merely giant sebaceous glands. 
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MoUuscum Contagiosum. 

MolluBCum contagioBum is an infectious and by no means un- 
common lid affection. The characteristic round white elevatiouB, with 
a central depreesion, out of which the molluBCum contents project, 
are often overlooked or wrongly diagnosed. The expert clinician will 
make a positive diagnosis (especially after examining with the loupe), 
which can be confirmed by examining the material expressed from 
the tumour under the microscope in salt solution or glycerine, when 
oval, refracting, granular molluscum bodies appear, surrounded by 
membrane of double contour ; their diameters average 30 by 20 to 25 /i. 

In microscopical sections the bodies can be seen to arise in the 



70 BACTERIOLOGY OE THE EYE 

peripheral epithelial cells of the moUuscum. They increase in size 
towards the centre at the expense of the cells, and finally leave the 
flattened squamous epithelial cells and lie free. 

Cultures have not succeeded.^ The generally accepted view that 
the bodies themselves are the parasites is still disputed by many, who 
consider the moUuscum bodies only as cell degenerations and the 
results of an infective process. It is universally agreed that infection 
can be carried by the contents of the cysts when expressed ; this is 
confirmed by numerous trials and the clinical records of infectionsy 
among which we have the positive inoculation which Paultry* made 
on himself with a moUuscum of the lid margin. 

Fuller details of this subject can be found in the article by Mutze 
(Arch. f. Aug., 1896, xxxiii., S. 802). For the literature, see 
Falkenburg (Inaug. Dissert., 1898, Munich) ; Elschnig {Wien. Klin. 
Wochens., 1897, No. 43) ; Fischer (Inaug. Dissert., Eostock, 1908) ; 
Herzog {Arch./. Aiiat. u. Mikros., 1904) ; Oppenheimer (Oph. Record, 
AprU, 1905). 

Rarer Lid Infections. 

When the clinical appearances have fully developed, favus of 
the lid resembles the same disease in other regions. An early case, 
liowever, requires careful examination, and will be first recognized by 
the microscope. 

Gases of favus exclusively affecting the lids are recorded by Narkie- 
wicz,^ Schiess and Gemuseus,** McHardy,^ Cu6nod,^ Gloor,^ Schmidt- 
Kimpler,^ Libman,® Derby,^^ Pecoraro,^^ Pergens,^'- Treacher Collins." 

Ovoid spores 3 to 4 /a broad are found in the fine scales, either 
singly or in chains, and along with them the mycelium of the 
Achonon Schdulei}nL This forms a network of granular hyphae, 
varying in thickness, easily recognized in an unstained preparation 
(water and glycerine) after the addition of a little acetic acid or 
clearing with caustic soda. The organism grows readily on agar. In 
a few days it forms a yellowish-white surface crust, which is often 
covered with a white down. Schmidt-Eimpler obtained cultures 
on panada. 

The varieties (a, /3, 7) described by Quincke, and the many modifica- 

* AVe genemlly obt^iin the common cocci (Herzo^l. 

'■^ Quoted bv Cuemxl, p. 115. » K. M. f. //., 1870, viii., S. 78. 

•» Ihid., 1873, xi., S. 238. ^ Lancet, March, 1885. 

« ' Hukt. des Paupieres, ' Th^ic tie Paris, 1894, p. 101. 

" A. f. A., 1898, Hd. xxxvii., S. 358. « ] Deutsche Metl. Jroch., 1902, No. 2. 

" Arch, of Ophth., 1887, Vol. v., p. 199, quoted by Derbv. 

1" T. Amer. 0. S., 1906. »i Arch. diOUal., 1904, xi., p. 311. 

J'-^ A'. M. f. A., 1897, XXXV., S. 241. is 7, q. S., 1903, p. ]. 
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tions enumerated by other authors (L'nna, Bodin, etc.), are found 
on prolonged cultivatiou not to be constant. The reaearches of Krai, 
Sabrazt's, and Pick, have shown that they are merely variations of the 
same mould. ^ 

Cu^nod conducted an investigation to see whether the Achorion 
pliiyed any part.in the cause of the ordinary ciliary blepharitis, induced 
thereto by the tact that EUinger IViirkow's Anhir /. Path. Anat., 
1862, Bd. xxviii., S. 44'.*) found a mould resembiing favus in the roots of 
the cilia in a case of apparently simple blepharitis. Cu6nod only once 
found something similar along with many colonies of aurem. In an 
article by Gunning (,Vec(/->(7. Thljarhr. v. (ii'nvKxk., 1865, ii., 4, S. 417) 
we find a record similar to that of Ellinger. Vomer (A'. M. f. A., 
August, 11K)1, ii., S. 872) ia of the opinion that, in the cases of 
Ellinger and Gunning, it was not favus which was observed, but 
either a Tiii-hujihyloit or a chance occurrence of some mould in 
a simple blepharitis ciliaria. According to Peeoraro, the lid margin 
is generally exempt from favus. 

Tinea Trichophytina (Ringworm) of the lids preeents no special 
peculiarities. In the cases of Cartaz (Li/nii Mddicale, 1870, No. '1) and 
Gailleton (Goz. Hebdom., June 21, 1889} the lids were involved 
in a tinea of the face. Mibelli (Anu. di OttaL, 1894, sxiii., p. 3(i8) 
described a ' blepharitis trichophytica.' Further observations are given 
by Niclos and Hallopeau (Meiltcine Modenie, 1895, No. 6), fully 
quoted by A. Terson {l-y. <:it.. p. 440), Vomer (Klin. Mon.f. A.. 1901, 
p. 971),- Snell (Ophth. Hev., 1902, p. 90). Herzog {Z.f. A., 1904, xi. 
and xii.) gives a detailed description of lid favus, with special 
reference to the peculiar histological changes (PtaimonlHdunjj) which 
occur. 

From epilated cilia Vomer obtained on various media snow-white 
cultures, with aerial hyphee several millimetres high. Microscopically 
the mycelial hyphfe presented the appearance of septate filaments 
dividing dichotomously ; fructification organs developed in older 
cultures. The long aerial hyphse, even in young colonies, showed 
buds from which the reproductive organs developed ; later on fructifica- 
tion liecame more and more obvious. A thick felted mycelium of the 
Trichophifioii, throughout which are reproductive organs, lies in the 
root sheath of the epilated hair. 

In a case which I observed in Rostock, where, along with an eruption 
on the temple, the under lid was also affected, I was easily able to 
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grow the Trichophyton tonsurans on agar, on which a snow-^ 
soft, open-meshed mycelium developed. Goneidering the variability 
of the Tiichophyton^ we cannot yet say whether these peculiarities of 
culture will be observed in the other cases. 

The Trichophyton grows best on yeast agar and maltose agar 
(Sabouraud). Cultures can be obtained both from the scales at 
the progressive margin and from the roots of the epilated hairs* 

The sub-species of Trichophyton tonsurans described by Sabooraad 
and others are varieties which can certainly be transformed into each 
other. According to Plant (Kolle u. Wass., 1908, i., p. 616) they 
resemble the varieties of favus in possessing many specific peculiarities. 
The Trichophyton grown by Vomer and myself was of the variety 
called Trichophyton evtothiix by Sabouraud. 

Under the heading ^ Monilithrix/ affecting the eyelashes and 
eyebrows, Treacher Collins (T. 0. S., 1898, xi., p. 1) described a 
condition which differed from the ordinary blepharitis in the marked 
brittleness of the hairs. It also occurred on the scalp. Most of the 
hairs were broken short close to the skin, and could only be epilated 
with difficulty, being so brittle. Baldness resulted, but some of the 
hairs grew again. The condition strongly resembles trichorrhexis 
nodosa. No distinct micro-parasitic cause for this disease was found, 
only the inevitable cocci. (The name * monilithrix ' refers to the 
disease, not to the Hyphomycete.) 

In the collected literature given by Groenouw (* Handb. der Aug. von 
Saemisch,' 2nd edition, 1903) two cases of Oriental sore (Aleppo boil, 
Delhi boil, liinkra huttoUy etc.) recorded by Willemin, 1854, are given. 
A. Terson records such a case in the museum of the St. Louis Hospital 
{he. cit.y p. 408) . According to the later researches of Brocqu and Veillon, 
this disease is perhaps a Strcptothrix infection (c/. Babes, Bd. iii., p. 446, 
Handb. von Kolle u. WaHHcrmann). The various cocci and bacilli 
recorded by other authors are probably secondary. Recently many 
observers have referred this affection to Protozoa. 

Rhinoscleroma may affect the tear ducts, the lacrymal sac, and 
the adjacent parts of the skin {cf, Gallenga, Zentr. /. A^ig., 1899, 
S. 289). Bacteriological examinations with positive results are recorded 
by Gallenga. His findings were typical : capsulated bacilli strongly 
resembling the Pneumobacillus in morphology and biology, and, accord- 
ing to de Simoni {Zentr. f, Baht.y 1900, xxv., S. 625,) certainly belonging 
to that group. Their decolorization by Gram's method was not so con- 
stant ; the stab-culture in gelatine had more of a grey transparency, and 
was not so white as that of the typical Pnenmobacillus. The bacilli are 
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regularly found in rhinoscleroma, from which fact, in spite of ooca- 
Bionally expressed doubts, the majorit; of dermatologists accept them 
as causal. 

Examples of typical Actinomycosis, with microscopical proof oE 
the presence of nodules (Druaen), are given in the cases recorded by 
Part8ch(Z.*"/r./..'i»<7., 1893, S.llil),Darier and Gautiet(.'liiH.(/--7>,;ma(. 
el Sijph., 18<ll, p. 449), Dor (Gaz. hrM. de Med et Chit:. lfii)r., No. 4), 
and Ransom (Brit. Med. Jour., June 27, 1891J). The lids participate 
in the marked changes occurring in the cheek and orbit. The bac- 
teriological diagnosis is of interest to the ophthalmic surgeon on 
account of the ' fungus concretions ' ^ described in Chapter VII., whose 
classification causes considerable dilliculty because of the variability 
of the organism, and the keen discussion which is now taking place 
respecting the whole group of Aetinomycetes. 

The 'branching fungi '^tho Aetinomycetea — on solid media form thick, prominent, 
longh, crinkled, or knobby colonieB ; and in fluids rounded granules or nodutei, which 
■ink to the bottom and cannot be shaken out. In the body yellow granules are 
formed. ^Vhon examined microscopically, we see long, thin, straight, or coiled 
filaments. Gram- positive, having aide brancbcH, and often ending in club-shaped 
thickenings. They may stain in sectiona, and thuB present ibe appearance of chains. 
In young cultures thuy aometimes greatly resemble the Bticiltiie diphtheria. By 
multiple fission an appearance of aporoa or cocci is formed by thsir resolution. In 
the centre of the culture, and well aeen in embedded sections, a thick tangle is 
formed, with mdial bundles of fibres pasaing out from it. In the tissues of animals 
radially arranged knobby swellings are formed, which do not stain with Grain. 
Amongat the many members of this group we recognize, on account of its orange 
■gar cultures, and its alow liquefaction of gelatine, the Aclinnmycea huvia, tbe 
cause of the disease in man and cattle. Descriptions, however, vary considerably. 
For further particulars see bchlegel, Handb. con Kolle and IVciss., fid. iii., and 
PetruBchky, ibid. 

Israel's form of Actinamyces bovia, which is chiiracteri/.ed by its anaerobic, 
growth, and by the absence of branching in the cultures, according to Alertens, 
(Zentr.f. Biiltt.,^\\x., tj. 641) can be tranaforiued into the aerobic form of Bostroem 
of which it isonly a variety. 

Glanders (farcy, Botz, morve) has several times been observed on 
the lids. Knapp {Arch, nj' Oph., xsvii., p. 374) found the Bacillus 
mallei in an ulcer of the lower lid. In Neisser's case (Bcrl. Klin. 
IVocli., 18S12, S. 8^1) an inflammatory swelling developed from tbe 
inner canthus, and later led to a dacryocystitis. Gourfetn found the 
Bacillus mallei in the pus from a lacrymal sac, identifying it by inocu- 
lating guinea-pigs, from which he was able to grow the bacilli in 
the typical manner. (Cultures are essential to differentiate allied 

' It must lie empbasized tlial the case of Dv Vinccnti {Lavori ilrtia CHii. Oeut, di A'apvH, 
iii, p. 824) w»» laWr proved by Fnchslo be a 'concretion in tbe conjunctiva.' Situilaily 
tbe case of DemJchi-ri (Arch. ^OpK., 1898, xis., p. 102) a not one of aetinemyccaia, but a 
concretiun, mistaken ou uccollnt of its radial arrangement. 
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successful the Hcfce will show up as glistenmg red bodies of varying 
sizes. 

By means of experimental endogenous infection with pathogenic 
Hefie^ Stock ^ produced numerous miliary nodules and small abscesses 
in the skin of the lids and conjunctiva in rabbits. 

Regarding the so-called Botryomycosis, which has been observed 
as an infective tumour on the vas deferens of animals, and which 
can be conveyed to men, see the remarks in the chapter on Hhe 
Cornea.' Ten Siethoffs case (Weekblad, 1888, No. 12, Bd. i.) at first 
clinically resembled a hordeolum, but there was a swelling of the 
conjunctiva and the formation near the lid border of small yellow 
deposits resembling actinomycosis granules. A slimy mass was dis- 
charged from the hordeolum, in which Ten Siethoff reports that he 
found the Boti^ococci. Many hold that these organisms are identical 
with the Staph ylococctis pyogenes aureus (literature, cj\ Bargeton, 
Thhv (le Lyon, 1905). 

For Leprosy, Tuberculosis, Syphilis, rf. Chapter IX. 

^ Zeigler's Beitratje z. Path. Anat., 1908, 2. 



CHAPTER lY 

WOUND INFECTION 

GoMrAKED to the frequency of secondary healing in other parts of the 
body, post-operative suppuration in the eye, even in the pre-antiseptic 
days, was singularly infrequent. The loss by skilled operators in the 
period of the flap section was aliout 10 per cent,, and this was con- 
siderably reduced by A. von Graefe's linear section. The relative 
smallnGBS of the wounds and the short duration of operations on the 
globe, which in themselves tend to lessen the danger of infection, do 
not completely explain this relatively favourable state of matters, as 
they are offset by the vulnerability of the eye^ and the low power of 
resistance presented by its almost avascular tissues. The true expla- 
nation, according to modern science, lies in the fact, already fully 
considered, that the surroundings of the aye, when in a healthy 
condition, do in fact possess a relatively lower tendency to infection 
than most other parts of the body. Even if the self-cleansing of the 
conjunctiva is unable to make it quite sterile, still it greatly lessens 
the number of organisms present, and produces a condition of nutrition 
most unfavourable to their increase or virulence (cf. p. 42). 

The direct bactericidal influence ^ so often attributed to the tears 
is of comparative insignificance in comparison to the mechanical 
factor discussed under ' Normal Conjunctiva,' and plays a very small 
part in the auto-sterilization. 

Van Genderen-Stort (foe, cit.) found that the tears had no lethal 
action on Bar. mli ; on the contrary, Bernheim ^ found that they bad 

' BoBSBliuo {Ana. di 'Ml,,!.. 1904) Jins tlioroaghty latal.lislied thU low ruBiaUiioc of tlia 
eye reliilivelj to tlio suliciitBnmius tiasous, liy n B]iBcial series of experiments with Slaphyla- 
eacciii aareui (see kIho undur ' JSupronliJtPH,' |). B1). 

■ The opinion of Mutk (J/uncA. W. IFpcA.. 1900. 88. 1168 and 1732) that tlie action 
of the t«ani dEpends on their conlAhiJng sulphocjanidea slJJl require* continuutiou. The 
nputiim, which is sv^^retwl hy the |urotid and its allied glands, is statiid h; Clalrmont 
{tt'ien. Kiiit. Week., ISOS, No. 47) to have a tvHtrictivi^ action on the deTelopnieut of 
amalE Duuibers of pyogenic StaphiiUxeeci and Utrcptscocci. rienerally, howerer, the siiutoiii 
hiu no hact^ricidaJ action. 

* 'On the Antiseieis uf the CuujnnctivK und the Antibacterial Action of the Tears' 
{BiU. I. Aug., 1898. Bd. viiL. 8. S). 
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such on Staph, aureus and Bac. anhtilis, and more freely the less the 
number and virulence of the Bacteria in question. On the Micrococcus 
jivodigiosus the tears had no influence. Marthen^ demonstrated some 
action on Staphylococci, and investigated at the same time the results 
on some saprophytes {Micrococci and Sarcince) ; a certain diminution 
in their number occurred under the influence of the tears. Bach 
obtained positive bactericidal results with Staphylococcus aureus and 
B. typhosus, though not invariably. A similar result was obtained 
with saline solution of the same concentration,^ dialysed blood-serum, 
and distilled water. According to Bach, heating the tears has no 
effect on this action, which he terms bactericidal ; it cannot therefore 
be due to the serum albumin. The Eieler water bacillus is not 
affected. 

Yalude was the first to announce the view that the lacrymal sac was 
not susceptible to infection by tubercle bacilli, because of the bac- 
tericidal action of the tears. Gourfein ^ showed, however, that the 
bacterial emulsion injected by Yalude had simply flowed through the 
tear passages, and had not settled in them. When he introduced a 
pure culture into the sac and allowed it to remain there, tuberculosis 
regularly supervened. Yalude^ then conducted further experiments 
with a retention fluid collected under the lids which had been stitched 
together, and concluded that the tears are not merely a bad 
nutritive medium for the tubercle bacilli, but that they produce a 
lowering of virulence. With Staphylococci there certainly was no 
bactericidal action. (The whole experiment still leaves in doubt the 
question whether the fluid used really was similar to the tears.) 

Ahlstrom ^ could demonstrate no bactericidal action in sterile tears obtained from 
<a fistula of the lacrymal gland ; in the majority of the experiments the Staphy- 
lococci increased. With tears from a patient with conjimctivitis he obtained a dight 
diminution, which he attributed to the lower alkalinity. Bach, after repeating his 
experiments with alkaline saline, protested against such a conclusion.^ 

In a later communication Bach "^ stated his views more precisely : the action (of 
the tears) resembled that of saline or water, and was far less important than the 
mechanical effect. 

^ * Experimental Research on Antisepsis in Eye Oi»emtions and the Bacteriology of the 
Conjunctival Sac' {Beit. z. Atcg.y 1893, xii., S. 1). 

- Francke argues against any bactericidal action of normal saline on the S(up?i. pyog. aur. 
Bach, t)n the other hand, insists that when the aureus (nilturo is thus diluted down it ^^ill 
(lie in twenty-four to forty-eight lioui-s. The name ' bactericide ' has been given up by 
IJtich. ^ 

* * Etude Ex^wrimentale sur la Tubei-culost^ des Voies Lacriniales' {Ann, d'Ocul., 1899, 
cxxi. 351). 

* 'Action Bactericide des Larmes ' (Ana. d'Ocul.^ cxxii. 1(58, and IX. Inter. Congr., 
Utrecht). 

^ Znii.f. Aufj.. 1895, S. 193. 

« A./. A., 1898, xxxiii., S. 102. ' Z. f. A., 1903, Bd. xi., S. 1. 
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The experinienta of l>e Bono and Frisco < on goats, asses, iLiid calves, showed no 
bactericidal action. Staph, pyogenet iiureiit, typhoid, cholera and diphtheria baciUi 
multiplied in the tears. The iubttrcle bacillus did not lose ita virulence ; on the 
other band, the Staph, inireiiii and diphtheria bacillus were weakened ' (vide infra). 
These results are not so applicable to man as to those animals whose Harderian 
glands can be affected. 

Helleberg^ and Hirota,* who worked with 8(aphyLH'oci;i, favour a bactericidal 
property for Staph, diireiit, though it is slight and not always demon atrablt. 
Addition of tears to bouillon had more effect than a similar addition of water. In 
the case o£ Staph, albna (from the normal conjunctiva) any bactericidal property of 
the tears was certainly not obvious. As this property was lost when the tears were 
heated to over 56^ C, Helleberg considered that the action was due to an admixture 
with the tears at ' alexine,' which was destro;|'ed by this temperature. 

Bdmer^ ascribed no definite bactericidal function to the tears. He found that 
atler remaining eight days in the conjunctival sac behind the sutured lids, anthrax 
spores were unchanged and still vindent. 

From these experiments it is clear that a bactericidal action can only occur to a 
limited extent. The same Uactoria, too, do not always react in the same way. There 
are two points to be considered : 

(a) Do the tears form a favourable medium for the growth of Bacteria ? The 
answer is that they arc a very bad one. 

(b) Have tbey a positive bactericidal (disinfecting} power, or can they diminish 
viroleaee? 

Although a definite bactericidal action for the Stnpk. aiireui occurs, yet Buch is 
by no means the case with other pyogenic organisms. Even the Stiipli. o.lbtii ntm- 
l*q., the common inhabitant of the conjunctiva, is not susceptible to (his Infltience. 

With regard to the b&cllli of the diphtheria group, I consider that any 
bactericidal action of the tears is practically disproved, iTeeing that these organisms 
not only exist and grow in the normal and the pathological conjunctival sac, but 
even after excision of the sac develop in eaormouB numbers in the stagnant 

It would naturally be of interest to learn what action the tears have on the 
important pathogenic organisms of the conjunottva. The (iiireiia, which, at the time 
of the experiments referred to, was considered to be the most important, is much 
less so than the Pneumococciit and others. Dr. Blair (Pittsburg), and Professor 
OgaWB fUkayama) have carried out some experiments in my laboratory, the former 
with the Gonococcas, the latter with the Fiieanwcaaciu. For both of these 
important organisms the tears are naturally a very bad medium ; but even with their 
admixture, no bactericidal action oould be shown on susceptible media. These 
results hare been confirmed by Zur Nedden. 

' '8ul oomportaiiiento dcllo glaudole iBgriiiiiilu « del anu »Mi*to verso i iiiitToDrgaiiisiiii ' 
Idre/i. di ItUal., I89B, vii. 195). 

' All excrotion by Ibi' lauryiiial gland of bacteria in circulatiou (antlirax, Proditpotiis, 
Fit€ttinixoceut) did not occur in these auiiiials, altliough Pneumoetuxi conld he demonstrated 
in the intertuhnlai' vessels. It only octmrml to a liuiit«d extent after section of tlie 
Hynipatbetic ivasumotor imralysis). 

Tbs stiit«niCDt by ValeDtiui {Soil. delV Uaptd. oft. della, frve. i 
that the course of an iuucuIatioQ keratitis iu animals v 
gtnnd had been sxcised requires fnrtber coatirmatiDn. 

' Widnark's ' Mitleilungtsu ' (Fisclmr, Jena, 1901), iii., 

* HiroU. Cmtl.f. Bakt., xxxi , S. 225. 

* ZeU./. H^ieiK u. liifiktionakrankhfitBi^ 1894, xxxii. 

* Plaul and Von Zele»-«ki, K. M. /. J., — 




Martheti [ioe. eU.), at any rate. 



u (.c). Fruni tlis dcaeription, I wanld uonuder it l« be tl» 
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Ai?cordin^ (o tlie previously mentioned eiperiinentH and results oF Gosetti and 
Jona,' which were confirmed by De Bono and Frisco, the tears should show an 
ikntitoxic property against diphtheria toxin. If tears be added to the lethal dose the 
eipeHmental animal should not die so soon ae the control. Coppez ' bad already 
expresaed doubts on this point ; and Demaria^ conducted a full invnsCigation into 
the matter. Absolutely no diphtheria antitoxic action could be found in the tears 
of voluntary subiecCs. As it is posHible that the amount of antitoxic substance in 
the blood depends upon some previous diphtheritic attack, we have inoculated oar- 
selves with large doses of Bchring'a antitoxic serum. Even tbun, however, our 
tears were not antitoxic, nor were those of convalescents from diphtheria. And as 
under normal conditions a higher antitoxic power than that investigated does not 
occur, wo have proof positive that no antitoiio action against diphtheria bacilli 
occurs. To what extent the lacrymal gland can allow the passage oE other anti- 
bodies, is not yet determined. Neither had the tears of Demaria's immunized 
persons any agglutinating action on the diphtheria bacilli. EymowicT^ ' obtained the 
same negative result with dogs inununized against typhoid and cholera. The same 
author, using Pfeiffer's experiment, could obtain no bactericidal action with the tears 
of a dog immunised against cholera, although the blood gave a very marked positive 
result. The attempt to deuiutistrate the presence of hu^molysin in the tears of an 
animal previously treatvd was negative. 

Schulz,' DieuIaEoy, Widal, and Siccard, opposed to Bymowicz, have found that 
the tears of many typhoid patients show the Widal reaction ;agglulinate typhoid 
bacilli). 

The last-itientioned obHervations have been made in only a few coses and need 
enlarging. 

The prevention of wound infection,'' in the case of a healthy 

conjunctiva only neceasitatea therefore simple and mild procedures, 
and it is fortunate that Buch is the case. The energetic iiae of soap, 
alcohol, and disinfectants, as in other surgical areas previous to 
operation, is quite out of the question when dealing with the con- 
janctiva or eyeball; the skin of the lids alone can thus be treated. 
Gentle mopping with a swab soaked in non-irritating sterile or anti- 
septic Huid is alt that can be allowed, for any stronger disinfecting or 
irritating substance will cause a catarrh, with an increase in the 
organisms, and thus favour an infection. Many surgeons there- 
fore content themselves with sterilized saline, and obtain good 
results. 

A post-operative conjunctival catarrh, a 'post-operative con- 
junctivitis,'^ is not dependent merely on the methods used for 

■ Rifurina Med., I8B7, iv. 543-555. " Ardi.. dOfililk.. 1899, xis. 6H5. 

' K. M.f. A., 1905, BBUttgfhi-lt (research in Axonfeld's Jaboretory). 

* Ardi. Riis. dc Path, cl dt MM. Clin, a lit Batl., 1&02. 
» Mtd. Klinit. 1905, 6*. 

* An infection from liocteria of the noac through the nasal duct uiii W jiitt aside, 
BDOOrdiug to Bach's due. at. i experiments. ISven when there ia a previous steiioaia SDch 
dciea not occur (Haueniichildl. It ia naturally very ditferKat with bacteria from a diseased 
lavryiual aac. 

' 1 refer to uticomplicat^d heaUnj;, excluding cases nhere secretion results livm infeotion 
of the glube ; also cases where a contaut epideniio has occurred. 
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cleansing ; there is often a very variable individual dispoBition to such 
a condition. 

Many patieula develop it after every operative interferenoe, even when physio- 
logical ealine alone is used ; the loosening of the epithelium by oocaine has perhaps 
aomething to do with it. Poat-operative catarrh usually commenoeB after several 
days. Tiie bacterial contents of the secretion vary. In three almost consecutive 
cataract cases Ahelsdorff and Neumann {A. f. A., 1900, xlii., S. 68) found Gram- 
negative Di])lofori-i. Do Lieto-Vollaro (Arehivio di OUidmol, 1906, lii., 7, 8), 
working in my clinic, obtained xerose bacilli and occasional yellow BtaphyloeocH 
oi low virulence ; and since then I have often obtained cultures of B. xerotia and 
while Sliiphylcfiicci,^ the latter of low or moderate virulence, fiardelli and 
Boesalino, on the contrary, report that the virulence of these Bacteria is raised by 
the same causes which promote their growth. 

The varying findings show that the Bacteria here are of quite of secondary im- 
portance. This view is oon&nned by Enapp's researches. He found the common 
conjunctival organisms in the secretions in post-operative conjimctivltis. We 
oonnot, however, exclude the possibility that they iulluence the catarrh, or that 
(hey can cause a wound infection later, although that only rarely occurs. This 
post -operative conjunctivitis cerlainlj' is less coounou with the open treatment and 
thorough asepsis. 

Entropion spasticum and similar conditions can act in the same way and produce 
n catarrh. I hare seen a peculiar case with profuse secretion and numbers of 
Pn«iimorMci, where, as a result of the wound giving way, secondary infection 
resulted, and the eye was lost from pneumococcal panophthalmitis. As there was 
no previous catarrh, perhaps scattered I'neumorocri on a normal conjunctiva multi- 
plied and increased in virulence in this case. 

Let alone that patients find it objectionable, from a bacteriological 
IKiint of view suspicion lias been aroused as to the formerly nniversal 
bandage after cataract operation. This has led many ophthalmic 
surgeons to dispense with it altogether. The bandage certainly pre- 
vents lid-biinking, and thus removes a considerable factor in the 
physiological self-cleansing. By its action, and also from the increase 
in temperature, a renewal of bacterial growth in the conjunctiva 
must occur in spite of previous cleansing. Repeated experimental 
and bacteriological researches prove that a bandage applied for 
twenty-four hours considerably increases the number of org-an- 
isms in the conjunctiva [Bemheim {he. rit.), Marthen {lor. rii.}, 
Morax,- Bach,* Dalen,* Knapp'']- 

' Tli* diiiMiiig, Plate 11., Fi«. Gi, Blwwing Ura 

' - lUoliri lilies Bacl4riologiqiiBa sur I'Etiologic 
Oi^nlairv ' {T?ifiK de Parit, ISM). 

* ' Ubvc dun Keimzelialt des Bindebautsackes. desseu iiatiirliclie und kiliutliobe Beviii- 
llusaimg, sQuit illwr don antiseiitieuhtn Wert der Augeusalbeu ' [A. /. O., IBIH. x\. 3). 
Ak'I'ii. ' Aii1isv]iai9 und Asotwia iu ibrer BedeutUDg fiii' das Ango' ['Samml. zwauglaaor 
Alibmdl.' !Vrj»iuiB), 18K7 (Harhold, Halle)]. 

' ' Milti'iliiiif^ii atla dvr Uiiiv.-Augrnkl. in Staekholiii,' 1S99 IFischvr, JeDa). 

" Birth,. iJi-lah. Oc»., Jaue, 1907 ; K. U. /. A., July. 1807, Bd. iL 



"witivf hiiiloaxti, was niude fi-om sniJi 
Coiijouctivitfs Aigues et sur I'Asvpeie 
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The autbora mentioned prove this by the numbers of organiama found before 
and after the bandage is applied : Morax and Morthen in cases of cataract, the 
others on normal persons. The variety of the organism is not appreciably altered ; 
after bandaging, B. lerotU and white Staphylococci are more obvious, and any 
pathogenio organisms previously present are naturally increased. Dalen alao 
showed that on removal of the bandage the numbers of the Bacteria t^adnoUy 
fell again. 

The increase in Bacteria depends on (1) the loss of the cleansing lid movementB 
and the diminished lacryination ; (2) the increased temperature under the bandage 
and the congestion of the conjunctiva. The first factor is in action without any 
andage when the t'yes are closed during the night (see p. 26). 

The dread of this bacterial increaee has led many to an open 
method of treatment — i.e., the leaving off of any dreBsing. Hjort' of 
Christiania, who certainly had previouBly a disproportionate amount 
of wound infection, preferred that the hda Bhould move even after 
cataract extraction. Better to renounce rest and protection than 
have an increase in Bacteria ! 

A critical examination of this apparently exact scientific statement 
showed it to be very fallacious." ]Jal6n tested the bacterial increase 
in the conjunctiva after application of a bandage, not for twenty-four, 
but tor eight to twelve hours, and showed that till then the Bacteria 
were fewer in number than before the preliminary cleansing. Even 
after twelve to fourteen hours (forty cases) he found sn increase on 
both sides in only four cases, an increase on one side and decrease on 
the other in six cases, and a decrease on both sides in seven cases. 
From other sources we know that a well-placed corneal section, 
especially if it be in the vascular limhus, will, with complete rest, be 
quite closed by this time.^ 

A dressing" for the eye which will completely restrain lid 
movements during the early stagres is neither irrational, 
unmodern, nor unscientific, and even a moderate increase in the 
number of the organisms does not affect the incision, if well 
made. Our knowledge of infective processes is not merely concerned 
with the presence and number of Bacteria, but with the condition 
of their habitat and the method of infection. Each individual am'geon 

' Ztnl. f. PrakL A., ] 
Ctmgi., ParU, 1900, B.^tio 
OsUrtag, 189e-99, 8. 49. 

' C/. Axenleld, MStieh. Med. WocK, 1903, 

* Clarke {' Bvport oF the In tenia tiuuol Coagress ii 
rabbits were kept narcotized, corneal wounds healed m 
detuyed by niuvenieuta of tlie oaimaL Siniitarly e 
healing lavonrs infectiou — e.y., exceasive uae of coci 
(Mellinger, see litaratnrB, Masugi, K. Jl.f. A., 1901, : 

may be of importaiice (' Cpitbel-eoliatf ' """ ~ ' ' 

Kapidity and dexterity in oi«rating a 
preventing infection, while tbo oppodite fovouiB it. 



Utrecht," 1889) allowed that wh«a 
irc rapidly, and that the proceu was 
'ery conditieii nLich hindem rapid 
ne, which dsniagHS the epithsliniu 
". 63i). The action of outiaeplica 
and Doling. 
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must eBtimate for himaelF the value of the factors operating in his cases 
if he would do the best for his patients ; and it is not correct to take a 
narrow view «nd institute a radical and perhaps incorrect schema.' 

The question as to whether this rest in the early stages should 
be obtained by means of a bandage, and how it should be applied, 
tinds various answers. We can say that protective goggles lined with 
wool produce a condition of rest, as eye movements cease in thn dark. 
I find this quite suitable for most cases, and more comfortable for 
patients. A well-applied bandage for twenty-tour hours, however, is 
very serviceable, and cannot be considered irrational. The method o( 
bandaging has produced quite as good aseptic results as ' the open 
method.' 

Without going into the whole literature of cataract etatiatioB (cf. Hesa, ' Pathologic 
des LinsenajBtetuB,' * SaemiBch Handbuch,' laA edition), we may note that 
the large serieB, nlmost without infection, of von Michel (Hauenathild, Zeit.f. Aug., 
1899, 8. 22Tj, aloog with many others, was obtained by treutmeut with a 
bandage. 

With wire goggles, and this eyes kept shut under them, a noticeable bacterial 
increase occurs ia the lirsl twenty-four hours, though it Ib Ibbb than that which 
reatilts from the bandage. De Lieto-VoUaro^ proved tiiis on cataract cases in my 
clinic. Even in the case of patients who, for experimental reasons, were given open 
protective goggles, and left free to wove their lids liridectomy or needling casse), 
a bacterial increase occurred with primary healing, (hough not to the siuue extent. 
It must be noted that the results obtained on bandaging the normal oye do not 
exactly correspond with those after operation, as in tlie latter caae the irritation of 
the operation, added to that of the previous preparatioD, will account for a certain 
increase even under ' open ' treatment of the eye. 

The presence of microbes, which may appear quite numerous 
in cultures (ten to twenty or more colonies ot Slaphylncarri), and 
which may cause an inflammation in rabbits, does not always produce 
suppuration in the affected eye.* This fact, which was proved by 
H. Knapp in 1666, must not be forgotten. Hildebrand, Bernheim, 
and Marthen have shown that primary healing can occur in spite of 
the presence of pathogenic organisms in the conjunctival sac* Anti- 
septic compresses laid on the lids have very little influence on 
the presence of these pathogenic organisms. Bach has conflrmed 
this experimentally on artificially infected animals, using bandages, 
compresses, and ointments on the lids (A./. A., 1895, xxiti., S. 181). 
Bach has also seen cataract wounds heal in the presence of numei'ous 



' Kniipp'i i™ciit rpscnrciies gave the 
X J/./. A.. July, 1U07. B.1. ii.). 

" Ank. di (>UiU., 1905, til, Fasc. 7, 8. 

' See alio Ramsay, ' Ojihthalmology," 1905, p. 430 

' Septic bandiigpa, too, du not ueceBsarily lead tu 
1903, ilvi, 8. 1S5). 



lit {Berlin. OpIUh. ff<u., J|]| 
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Staph, aureus. When a virulent culture of aureus was dropped into 
the conjunctival sac of rabbits, and then the section made, only 20 per 
cent, were infected, while wounds made with infected instruments 
practically always suppurated {A.f.A.^ 1895, xxx., S. 225). 

Morax rightly insists that a corneal pocket inoculated with count- 
less organisms from a culture is very different from the presence of a 
few microbes in the conjunctival sac.^ As a current passes out from 
every perforated corneal wound (Knapp,^ Wilson*; until it closes, the 
Bacteria may often never come in contact with the lips of the wound ; 
and even if they do, it is always questionable whether the * infection * 
with such scattered organisms must necessarily cause an inflammation. 
The eye does possess a power of antagronizingr and neutralizing* 
an infection. Putting aside the question of specitic immunity, the 
result will be determined by the general and local power of 
resistance, the initial damage to the tissues, the site of the infec- 
tion, and the variety, number,* and virulence of the organisms 
introduced. 

The aqueous fluid alone is a bad medium for the growth of Bacteria (Nuttall, 
Buchner^ Marthen, Bach). The antagonistic action of the uvea and removal 
by the lymph strqam,^ acting with a vigorous phagocytosis,^ ward off a simple 
infection of the anterior chamber. By injecting a trace of an undiluted bouillon culture 
of aureus into the anterior chamber in Vabbits, Andogski^ only obtained a puruleDt 
iritis, which healed spontaneously : ^ c.cm. undiluted bouillon was the least that 
would cause a panophthalmitis ; very diluted bouillon culture would only cause 
slight transient iritis. The action was the same on eyes which had been iridectomied ; 
also in aphakic eyes, where, some time previously, the posterior capsule had been 
removed with the lens intact. If, however, the lens had been freshly needled or 
extracted, so that from the admixture of lens substance with the aqueous a mediuna 
very liable to infection resulted, then panophthalmitis followed the injection of the 
merest trace of the culture, and this occurred most readily when the posterior 
capsule had been injured. This was the case in a simple needling of a secondary 

^ Schniidt-Rinipk'i" had jtroviously sliown that th(' action ol the secretion of the laci-jTiial 
sac was not identical with that of tlic Hjictena cultivated from it. 

*■* A. f. A., 1886, xvi., S. 107. H. Knapj), sen., was the tii-st to study this subject 
hacteriologically. 

=* • Bacteria and Ophthalmia Sui>rcrv' {Ann. of Ophth., 1806, v. 2053). 

■^ Pc'icles, inoculating the eye with ihe heart's hlood of a mouse dead from pneumococcal 
8ci»ticj»'mia, only ul)taine<l a severe but transient inflammation. Usinf^ the splenic pulp of 
th(! same animal, which contained a «,'reater numher of the same virulent organisms, a 
purulent panophthalmitis resulted. 

^ According to the preparations of Andogski and Picot, the cryi>t8 of the iris have 
nothing to do with this. The removal of the Bacteria oeeui*s in a somewhat different 
manner from that of indifler«*nt granules of indian ink (Nuel and Benoit), and tiikes place 
chiefly through the angle of the chamher. This has been corroborated by tlie simultaneous 
researches of Homer (^./. ./., 1006, Iv. 4, and Ivi. 1, 2). 

** J!c phagocytosis of tlie eve with refeicnce to the Sfftjih. acri/s, cf. Hess, Virch. Archiv, 
1897, Bd. ex. ; Kalt, Ann. trocnl., 180;'., cxv. 61 ; Picot, Arrh. ti' ()},/,//,., l.SpS, xviii. 341. 

' Concerning the danger of infection in different eye o}nrations, and the conditions 
under which suppuration extends from tin- antcrioi chamber to the deeper stnictures of 
the eye. 
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oataxact. OUwnld found that the mixture of lens Bubstftnce favoured infeotion. 
Korotkow fooDd the same condition of affaire {WraUch. 1903, No. flO : Ann. 
d'Ocul, 1904, cxiiii.. 15-2). He found that the course o( on eiidogenoUB wouml 
infection n&a much more aerioua if the lens capsule were opened and the vitreou:) 
damaged. A wound infection much more rarely occura in ihe case of a pure anterior 
chamber wound, as the Jlactcria introduced are much more rapidly overcome. 

The varying virulence of one and ihe same organism has resulted in different 
eiporimenters obtaining different results, so tliat it would be hazardous to definitely 
establish any standard. Bearing this limitation in mind, the large comparative 
series of Picot' detinitely shows the action of the various pathogenic organisms in 
the anterior chamber. Staph, mireiis and Str^ptocorcna pyogenes produce rapid 
suppuration ; Piieii>iiucoc!:i, Pneiimfbiirilli, and B. toli act more slowly, producing 
a more fibrinous exudation. Typhoid bacilli produce no local results, even though, 
like the other organisms, they may cause a fatal general infection.* Anthrax bacilli 
produce a fibrinous, gelatinous exudate, free from cells. Tetrtigenitu causes an 
inH am Illation, which resolves spontaneously, even though fatal septicfemia results. 
Picot could trace in his preparations with what varying rapidity the different 
organisms died out locally ; this occurred relatively soon in the case of B. rn/i, 
Pneuintjcociit», and Tetragenue, though it varied very much according to the 
virulence of the particular culture wi-A. 

Although it is well established that the immediate vicinity 
of the eye is comparatively safe, that the eye occasionally over- 
comes an infection, and that primary healing" is not impossible 
in spite of the contact of pyogenic organisms, we must still 
consider that the removal of the Bacteria, both before and during 
wound healing, is well worth our utmost endeavours. 

It is now generally agreed that the conjunctival bac, like all other 
exposed mucous membranes, cannot always, perhaps even can never, 
lie made absolutely sterile without damaging it by the very means 
employed. The results quoted in the collected literature of anti- 
sepsis and asepsis, referring to 'sterility iii so many cases per cent.,'^ 
and arrived at by actual trial, must be interpreted in the sense that tUf 
number «f t.r;ia)iismii ivan m mliin^d lliiil a test r-iUerti-ti mi hm/jer sli-weU 
any Baitciia. De Lieto-VoUaro's researches with susceptible media 
never showed a complete sterility after cleansing, but only a diminu- 
tion ; these results agree with those of Moras, Kymowicz, and others. 

The variation iu the bacterial contents ot the normal conjunctiva 
makes it difficult, as Haab and his pupils have shown, to establish 
from purely clinical statistics, the value of any method of cleansing 

' Arch. d'OiJUli., ISaS, sviii. 341. 

' Boiiier's researcliBB iA. /. A., in06, Iv. ^nd Ivi.) in intra-ociilar inociilMion *how how 
rsgalsrly and rapidly the iufeutive o^ent is tAken up by the tilaod-«treaiji. so tbat it on 
oiruolale in other orftans. espwiully iu the other eye, and settle down in them. Siiuh a 
tntuference is very little natitmble during puiultnt inrection u! the lianik'n eye. Falsi 
general infection is very rare. On the other hand, Romer refers Byi[i]>athetic opiitllahiila 
to such a blood infection. 

' Bacords such as tbose of UatdelU, shoMing a 90 to 1)8 per cent, sterility iiith dilute 
funuol. are certainly too hi^li ; the control lesosrcb by Bach das proved this. 
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or disinfecting as a means of preventing wound infection. For this 
reason experimental research methods were first employed by Bemheim. 
Bach and Neumann have shown that localized smooth areas of the 
conjunctiva can be often cleaned quite free from organisms, even 
when they are very plentiful ; the whole conjunctival sac, however, 
cannot be so purified. 

Bernheim carried out experiments on the conjunctiva, which he 
infected with easily recognizable organisms.^ His method was fol- 
lowed by Bach,2 using Staph, aureus and the red Eieler water bacillus. 
Hildebrand, Marthen, Van Genderen - Stort, Strohschein, Franke,^ 
Morax, Giflford,* Blagoweschenski,^ Bardelli,^ Dal6n (lov. cit.), Des- 
pagnet,^ Velez,^ De Lieto-Vollaro, Ahlstroem, etc., however, estimated 
the number and pathogenicity of the organisms naturally found on 
the conjunctiva before and after cleansing. 

All these researches, and the whole discussion, can be summed up 
by saying that cleansing the conjunctiva with the usual antisejytics has 
no advantage over a si'm})le treatment with saline solution, as in a 
permissible strength their disinfecting power is very slight, and stronger 
solutions cannot be used on account of their irritating properties. 

The previously mentioned researches of Andogski show the extremely 
low resistance of the vitreous, and how very rapidly organisms multiply 
in it. In many injuries (perforating wounds, etc.) the organisms are 
exclusively localized in the vitreous, or at least show a marked preference 
for this situation. Such are the cases which Straub^ designated 
* hyalitis,' as the exudation in these ' vitreous inflammations ' or 
' vitreous abscesses ' is derived from the neighbouring tissues. This 
property is not so marked in vitreous which has been boiled and 
sterilized. Hermheiser, in his researches into the nutrient value of 
sterilized vitreous for certain pathogenic Bacteria (Prag, Med. Woch., 
18114, Nos. 22, 24), found that, with the exception of diphtheria, 

' On such artificially infected conjunctivae the determining influence of the lid motion 
on the jiassage of fluid through the nose is most easily demonstrated (Van Genderen- Stort, 
Ba<;h, »Schirmer). 

^ Hee here literature up to 1894, ^. f. CK, xl. 2. 

=♦ y/./. (K, 1893, xxxix., S. 1. 

* Arch, of Ophth., xxvii. ^ \ A. f, A,^ 1899, xxxix. 106; Jour, of Amer. Med. Assoc, 
October, 1903. 

• Inaug. Diss., St. Petersburg, 1895. 

• Ann. ili OUaL, 1896, xxv. 48. "^ lie^-ueil d'Ophth., July, 1895. 

* ThtHc dr. ConcourSt 1899 ; Ann. cVOciiLj cxxii. 459. 

" Ophth. Congress, Heidelberg, 1878 and 1896 ; Kerd. Tijdach, voor Geiuesk, 1903, 
1. Wlti ; also Vogelsang, * Bijd. tos de kennis der ontsteking van het Glasachtig Lichaam ' 
(hiiw-rt^ition, Amsterdam, 1907). I cannot entirely agree with the idea of 'hyalitis,' 
»«Miing that the vitreous substance itself does not conduce to the formation of inflammatory 
«><ti(lat)otiH, especially their cellular elements. It is noticeable that infections and exudations 
urn ofU^i enough limited to the vitreous, and such cases can show special peculiarities. 
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cholera, and Barilht* j>\ioeijaiii-u>t the growth in such vitreous was leaa 
vigorous than in bouillon, a conclusion which was confirmed by 
PoBsek. On the other hand, in the vitreous of the living- eye 
many Bacteria multiply and develop a very severe inflammatory 
reaction ; although in other parts of the eye they may, in similar 
quantities, remain encapsuled, or at least have a very much 
less severe reaction. The action of the pus-forming organiams is 
especially vigorous and their development enormous. Tliia can be 
observed microscopically in wounded eyes, or better in those with metaa- 
tatic infections, in which latter, for example, the whole vitreous 
chamber may be filled up with masses of Stirplonuri. Injections 
of vitreous lluid are very useful in exalting the virulence of attenuated 
pyogenic organisms. In such cases trial aub-iiioculationa must be 
made early, as a secondary diminution of virulence rapidly ensues. 
Most Stnj'ti'C'irci under these circumstances form specially long 
chains. 

Small numbers of typhoid bacilli or cholera bacilli produce suppu- 
ration in the vitreous, often with fatal general infection (Kerrnheiaer, 
Axenfeld, A. f. 0., 1894, xL, S. 57 : Gillet de Grandmont and Gas- 
parrini, Ann. d'Ottal., 1895, xxiv., p. 343). Similar results were 
obtained by Sattler' in bis examination of the Bacteria of lacrymal 
abscess. He obtained B. pn'iii;ii"sus, a saprophyte which in the 
cornea only produced a feeble reaction, but in the vitreous caused a 
suppuration, though certainly not progressive in nature. 

The special pathogenic action in the vitreous is only in a very slight 
degree due to the low temperature in the anterior portion of the eye. 
The nutritive value of the medium offered by the vitreoua is very 
striking. Not only normally ia it poor in, or free from protective 
bodies, but even when irritated (according to Weasely and Romer) 
euch bodies do not immediately show themselves in it, ae is the case 
with the anterior chamber (further iv'/i' iu/m, p. '.)'.)). A defen- 
sive power is only developed with the inflammation, especially with 
the invasion of leucocytes, and in the meantime the Bacteria have 
already enormously multiplied. The elimination of organisms from 
the vitreous, too, is much more difScult than from the aqueous 
chamber. 

This excessive reaction in the vitreous occurs to a very high degree 

with many stems of Bacillus stibtitiH, which have practically no action 

in the cornea, and are only slightly irritating in the anterior chamber, 

but can produce a fulminating suppuration in the vitreous. As these 

> 'Vtrli&ndl. derOphth, Gea.: Heidelbei^, 1885, S. 18. 
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observations have been made in cases of woond infection in men 
(wounds with pieces of wood, etc.)> the literature of SiLbtUis will be now 
discussed, and I will preface it with some remarks on bacteriology. 

Bacillus Subtilis (Heubacillus).^ 

{Plat^^ III., Fi(f. 6.) 

Haab and his pupil Paplawska found a large Gram-positive bacillus 
C Haab*s Panophthalmiebazillus ') as the result of a wound from a 
splinter of wood. Bomer has since expressed the opinion that this 
organism, which he found in a cataract infection, was a variety of 
Subtilis. The bacillus, however, could not be cultivated. In 1902 
Silberschmidt proved experimentally by cultures that we had to do 
with an organism of the Subtilis group which occurred in the soil. 
Eayser confirmed this. Polatti furnished a very full experimental 
examination of the Subtilis forms in the soil of Western Switzerland 
and their pathogenicity for the eye. Stregulina, under the direction 
of Silberschmidt, examined the ground flora in the region of Zurich 
for the presence of pathogenic Suhtilis. 

Morphology, Cultures, Pathogenicity. 

General features of the Subtilis group : Motile Gram-positive bacilli 1*2 to 8 li long, 
0*8 to 1*2 fi broad, forming oval (usuaUy centrally placed) spores, tending to grow into 
long chains of rods and filaments. They liquefy gelatine with varying rapidity. 
Most stems are absolutely aerobic. 

On gelatine-plate cultures, the single grey colonies show a felted central mass and 
have a curly edge, with feathery processes ; on the surface the liquefied gelatine 
forms a soft crumbly skin, which is sometimes wrinkled. On agar plates greyieih 
white colonies develop, with filamentous or feathery margins (t/. Fig. 10). In 
bouillon there is clouding and formation of a scum, and development is well 
marked, especially in sugar bouillon. Milk is peptonized ; blood-serum slowly 
liquefied. On potatoes a creamy scum forms, which is sometimes folded, and in 
many stems stains yellow or red. The optimum temperature is 22^ to 37° C, but 
growth is free at room temperature ; at 0^ C. and 50° C. growth ceases. Spores 

^ Axenfeld, K. M. f. A., 1905, xliii., Beilageheft, S. 102. Biinziger and Silberachmidt, 
0/;///A. ac8., Heidelberg, 1902. Bietti, Ami. di Offal., 1906, xxxv., p. 518. Chaillous, 
Soc. flOnhth. de Paris, A'. M. f. A., 1907, i. 1. Delbanco, MuiuJi. MaL iVoch., 1900, 
S. \):)\. I)erl»y, American Jour, of Ophth., 1905, i». 7. (Jonella, Internat. Oi)]»th. KongresB. 
Luzern, 1904, C, S. 75. (Jourfein, ebd., B., S. 10. Haab, Fortschriftc dcr Med,, 1891, 
ix., S. 781. Hartwi^, Inaiii^. Diss., Jena, 1903. Hess, 'Pathologie des Linsensystems, * 
' Hundl*. d. ^'ea. Augenh.,' 2nd edit. Kayser, ZciU, f. Bakf., 1902, xxxiii. 1, S. 241. 
Kisskalt, Z'it. /. HyU' <</"' Infrd. Krank., 1904, xhii., S. 244. Koske, Arlteitcn aus dent 
KiitHerl. Oefiiindhcif.sffint. Berlin, 1905. Lol>ano\v, Wtatnik OffnJ., 1896, xvi. Meyer, Zcnt. 
f. A., July, 190:3. Midialski, Ztnf. f. Bakt., 1904, xxxvi., S. 212. Perles, M., Virchoirs 
Arrh., 1S95, cxl., S. 209. Polatti, Ann. di (Hfal., 1905, xxxiv. Pajjlawska, A. /. A., 
1890, xxii., S. 3.'i7. Riinier. Oithfh. (^rs,, Heidelberg, 1901. Sidler, KurrrsjxmdenzbL /. 
Schirri-rr AirJr, 1903, S. 091. Silherschmidt. Am^ dr Vlnsf. Pasfeur. 1903, xni., p. 268. 
1). Smith, A. of 0., 1905 and 1906, 34. 35. IJlbrich, ./. /. o., 1904, Iviii., 8. 243. 
\Vei<lniann, Inaug. Diss., Zurich, 1{<88. Ziir Xedden, A./. A., 1905 Hi., S. 143. 
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are only killed when kept at 100^ C. for one to three hours. M 
from tlic earth produce toxic sycuptODie when injected aubcutSineously or into the 
peritoneum of animals (Stregulina). This baa also been demonatruted with the 
panopbth&lmitiB bacillus {Silberscbmidt, Kayser). No particular toxin has been 
obtained from the bacilli, and an identification of the various stems by means of the 
agglutination test has not Hucceeded. 

The organisms described under the names Burilbit mcsenferii-im (potato bacillusi 
and Bncilliis meijideTinm are very closely related to the Siiblilia group, from 
wbicb il is didicult, if not impoBsible, sometimes to dilTereDtiate them. This results 
from the great variabiUty of Siibtilia, which can assume those characteristics which 
many investigators have stated to be peculiar to these two bacteria. These bacteria 
certainly do belong to the SnblilU group.' Gourfein tounAdkliiiHIliis meBenierictis 
in an eye infected after cataract operation. 

The Bafilhit myctiiden (root bacillus), which occurs plentifully in soil, and is the 
most closely related saprophyte to SiibiUU, can also cause severe inllammatory 
reaction In the eye (see the article by 
C^ermak, Prtiger „ieil. H'op/i., 1905, 
lid. XXX., No. U). In his case the 
globe was perforated by a dirty piece 
of iron ; a ring abscess of the cornea 
resulted, ending in panophthalmitis. 
The BticilbismycoiiUs exclusively was 
found in the pus. Nothing is said 
about pathogenicity for animals. Un 
agar the colonies were soft greyish- 
wliite, and formed freely branched root- 
like processes, which Anally covered 
the whole surface. 

The culture on jiotaloen is at first 
similar to that of Siibtilu: at first it 
is white, then dull yellow, with slender 
processes. 

The pathogenic action on the eye 
varies greatly in the dilTereiit stems of 
Submit. While Perlcs and Lobanow 
only obtained a trauEient reaction in 
of rabbits, Biinziger and Silberschimdt, 
on the other hand, obtained a panophthahnilia by injection into the vitreous, thns 
oonfirraiog the findings in coses of wounda with wood-spllnlers. {The difference in 
these results is partly due to the different technique, as Perles did not inject, but 
inoculated with the loop.) We have, however, obtained ([uite different reeulta 
when using the identical method with different stems. 

In tjie interior of the eye the B. Kiihtilin rapidly dies out. Eisskall proved that 
the bacilli at first increased in numbers ; even in eases where they did not produce 
any severe inflammation an increase can be shown to occur ivithin the first thirty- 
six hours, but after forty-eight hours degeneration sets in. According to Silber- 

' Chaillous (^ik. d'Oiihth.. df Pari*. Kovfinilier S, 1906), ia a cue of tvveve traumatic 
iridooyclitia, found a II ram -positive BfKille sporuli, not quite identical with B. suhlilii in 
wi fkr as it waa non-motile, more slender, and formed tiucr nnd more transparpnt pitltures 
on agar, no surfacs Him on bouillnn, did not 1i<tuefy gelatine, and did not grow on potato. 
The spores u'ere not killiMl by heing heated tu 100° C. for ten miniiteB. and a teuiperaturi; of 
»0° C. CDul.dJj* withstood Xor.-one teiilr. The liacilli sonietinies produced a ]mrulcnt tBllamnia- 
oD ID the vitreoua, and tlis ejioi'es, after heating, could still dtvtlup. Cnltures oonld not 
be obtained Iroiii the anunal's eye again. 
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sehmidt. as a rule, bacilli c&iinol he found in the vitreous after four days: Stregulina 
and Sidler agree witb Ibis. Kayser oould find no bacilli after seven dajs. Slregulinn 
attributes tbia largely to phagocytosis. 1 think, however, that the bacilli also liad 
the natural hmits of their growth in the enclosed capaule of the globe, and thai their 
death BtUl further inhibits the growth of the rest. Kisskalt holds the satiie viewB. 
There is generally no formation of sporcD in the vitreous. 

It is possible, when Subtilii spores are introduced into the eye. that they only act 
pathogen Lcally after a considerable period of incubation. Hess brought this forward 
ith a case of Inte infection after cataract extraction, and stated that 
inflammatiDn could be explained on the supposition that spores had 
been enclosed in the heahng wound.' Till now a latent period has never been 
recorded after inoculation of S'iblitis spores; infection has always developed 
immediately {Ulbrich). Kayser has shown that the toxin lies in the bodies of the 
bacilli, and filtered cultures do not cause any action when injected into the vitreous. 
It is especially interesting to note that stems which are very pathogenic in the 
vitreous produce no inHammatton worth mentioning in the cornea. This, however, 
is not c[uite true for oil steins of S'lblilii, as is shown by the inoculation 
eiperimeuls of Michalski and Gourfein, and especially the findings of Zur Nedden, 
who cultivated pathogenic B, suhtitia pure from the cornea in two cases of Ulcus 
serpens. 

When introduced into the anterior chanibct B. KubtUu produces a severe iritis, 
which, however, heals without suppuration. I also have noticed how low the patho- 
genicity of h. Kubtilja is for the anterior chamber in man. From the exudation in 
the anterior chamber In a case of a perforating splinter of iron, though the condition 
was improving, I was able to cultivate a SubtilU which produced rapid panophthal- 
mitis when introduced into the vitreous of a rabbit. 

These SubtiliH results are of very great interest, as they show how this organism, 
considered lo bij a mere saprophyte, can act as pathogenic in a wound, especially of 
the eye. A few similar observaticius had previously been made. 

Gifford ^ produced a moderate reaction by using lar^e numbers of saprophytic 
organiatuB. Sattlcr found that Prodiffiomit whs pathogenic for the litreous. I'erlea 
and Lobnnow carried out a large number of inoculations with various saprophytes. 
Pedes ' produced a moderate inllammatory reaction in the anterior chamber and 
vitreous with Bm: itttidrilivm, with Sarrina aurtintineti no result, and with 
S. luttii an iritis only when it was injected into the anterior chamber, no result 
when into the vitreous — i.e., in general he obtained a negative result. Lobanow,* 
on the contrary, injecting Sarcina lulen, Prvtent, SiibtilU, Prodiffwtm. U. 'igilia, 
Fliinresfrwi jiutridiit, and Mk\ roieii*. into the anterior chamber and into the 
vitreous, produced an inflammation varying in degree. B. vUdnrem. B. r'lher 
n-pathogentc according to Lobanow. 
o the experiments of Stiiwer '■ appear capable of 
I.undsgaard" produced a keratitis with hefa, 
II from the same organism. 

us of the so-called B. xeroiii produced chronic intra 
ovular inHammatioD in rabbits : Kastalaka *' and Demaria '" found the same, and the 
latter stated that this action was not equally intense with all stems. 

' In othvr parts of 
i»a iKootnp tiuicacL-n 
obaerved in tlie eye. 

' A./. J.. 188«. xvi.. S. 197. ■ Fin-hevi; Arch., 

' Wjat»ik Oftot., 18911, IV., SS. S, 21fl, snd Ifra/KiA, w... p. 2*6. 

• A.f. O., !8BB, ilriii. 178. • K. M.f. A.. 1900, Mxtiii. 13. 

' A./. A., 1886, XYi. 197. • Sahmixlu Akad. d. H'iaaa.. 1898. 

' llnammtiU Arbeiltn. IkiiUe/i.. 1899 (Moskau). '" A'. 31./. A., 1905, Beiisgeheft. 
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These experiments were continued cind extended by Noske^ and also by Ulbrich,* 
with the result that all the organisms which they used could produce inflammation 
in the eye, even those previously held to be non-pathogenic. The severity of the 
action varied in the different organisms. B. cyanogenus, B. fluoreacens, and 
B. indicus produce a massive exudation in the anterior chamber, but only slight 
irritation in the vitreous.^ B. candicana and B, acidi laciici^ on the contrary, 
produce only a slight iritis when introduced into the anterior chamber, but in the 
vitreous a very severe inflammation. Oidium albicans at first only causes an iritis, 
but after about eight days a hypopyon develops. 

The general tendency, however, is for inflammations in the anterior chamber to 
heal without any serious result, while after vitreous infection the appearance of a 
pseudoglioma, cataract, and in the end phthisis hulhi^ is the rule, the final result 
being due to changes in the uvea. 

The action of the saprophytes is not exactly paraUel to that of a foreign body, as 
Ulbrich found no reaction on injecting concentrated carmine, suspension. It is due 
much more to the chemical action of the disintegrating Bacteria, along with a toxic 
activity. After injection, the great majority of these organisms rapidly die : they 
cannot multiply in the eye ; the spore-forming bacilli {B, subtiliSf mycoides, tnegcu' 
terium) prove more resistant,* and the B, acidi lactici can undoubtedly multiply. 

Ulbrich raised the question whether the subacute and insidious forms of wound 
infection (iritis, iridocyclitis) could not be explained in many cases by saprophytic 
infection, as the actual experimental organisms which he used, especially the spore- 
forming ones, can, as a matter of fact (see Chapter XL, ' Normal Conjunctiva *) be 
found in the conjunctiva (Suhtilis group). In a case of insidious late infection in 
a cataract case (Hess), where the wound did not heal well on account of a capsule 
inclusion, Homer j'^ after two punctures of the anterior chamber, succeeded in demon- 
strating spore-forming organisms of the Subtilis group. They did not liquefy, but 
possessed all the other characteristics and caused severe inflammation in the 
vitreous. The great difference in the recorded results of Perles, Lobanow, and 
Ulbrich, concerning one and the same organism, depends partly on its variability in 
character and virulence, and partly on the difference in the methods of research 
employed. Perles attempted to infect perforating wounds with the loop, and 
perhaps the organisms did not adhere. The other authors preferred injections 
which are certain to introduce large numbers of the organism into the eye even 
when only small doses are given (Ulbrich used 0*04 c.cm.]^. Bietti ^ emphasizes 
the fact that in human pathology we cannot unreservedly give the significance to 
these organisms which the results of their experimental inoculation might seem to 
imply.^ He also showed that small doses would act pathogenically. Perles' 
inoculations with the loop, therefore, much more nearly correspond to the con- 
ditions in man than do injections. Inoculated with the loop, many otherwise 
pure saprophytes produce a vigorous reaction in the anterior chamber — e.g.^ 
B, ra did for mis ^ megaterium, mycoides^ subtilis^ Jlnorescens, liquefaciens ; others 
do so to a less degree. 

While we must bear the possible action of many saprophytes 
in mind, with reference to the eye we note that the great majority of 

^ AVhat clianf,rs result from the injection of bact<'ria, liefie, moulds, and toxins into the 
anterior chamber ^ (J/b. aus (fc/ji KoLs. (refiuiidh' itsa/nf, lyOo, xxii. 411). 

'^ A.f. (K, 1904, Iviii. 243. 

^ The predilection lor the Wtreous docs not occur with nil or^^.misms. 

■* An injection ot spores alone caiise<l suppuration in the vitreous, but not in the anteiior 
chamber. The spores were only able to develop in the vitreous. 

5 ty. Ulbrich. 

« Ana. <li Dttal., li^Ot), xxxv. 1. ^ CV. also Leber, .-/./. O., 1904, p. '^24. 
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thoee organisms quoted in the review by Brandts only occur scantily 
on the conjunctiva on rare occasiona. The more common Sareime 
cannot muUiply in the eye. Individual examples of the Snbtilu 
group are found fairly freijuently on the conjunctiva. The cases, 

however, of infection with S'lliilis so far recorded have mostly been 
due to direct uifection from a soil-con taminii ted foreign body. 

The Changres which result from an Infected Wound of the Eye. 

The examination of human eyes with infected wounds should show 
to what extent saprophytic inflammations occur, especially how far 
ribrich's view that they ai'e responsible for the subacute and chronic 
forms (Iridocyclitisj' can be confirmed. 

The material is rarely accessible to bacteriological research, and, 
with the exception of the quoted case of Hess and Ri>mer {Snliiilis), we 
have only the following records: Hirschberg and Frosch- cultivated 
PiHumiirorri ,- Cuenod' obtained the same. I have on one occasion 
cultivated very small Gram-negative bacilli, which would only grow on 
blood media, and were closely related to the inHuenza group;' on 
another occasion Staphi/hia'crus jiii'>;ieiics nllniH of moderate virulence. 
There is evidence in favour of the other possibility brought forward by / ,-' 
Ulbrich, that pyogenic org-anisms can also cause insidious in- 
flammations (Leber, Deutschmann). A wound infection of this 
kind which, even after several weeks' duration, did not lead to 
panophthalmitis, has been examined in my clinic, and in it Brons 
found the Bnvt.-rinm mlt liqiirfacinm (Ba'-teriinn puiictatuni), an ■ 
organism which till then had never been recorded as pathogenic, but 
had only been found in water.'' 

This question appears of great interest to me : How far should we 
fear an iutection from the ordinary saprophytes of the conjunctiva? 
and to what extent has such been observed ? 



If vie consider tht 
chapter oa ' Normal Conji 



white Staphijloi-m 
la. ■) aa belonging t 



' AqUL-oua fluid from llic living ejo is uuly r*ry oci»Moiuilly availiiMi- fur eiimiiiKtiou : 
it b not pprmitsilile to oii^n the vitreotui cluDiber fur the purpowis ol' ubtaiainK niatvrikl 
for inocuUtion, Living eyea under the^e eiraamslancva ure tlierpfurv rarvly •vHilable, «iii] 
tiiDw which ore euucleated are uaiuti}- ill suck an »(Watic«l ■tago that a iMoterioltigical 
examinMiou i» nnBittccBsrul {cf. ji. 4). 

For these reiauns the qneatiou aa to whetiier any mvU of treutnuDt (r.g., Schiniier's 
mennirial treatment) is of uw af^nst a. detinite organiinial wound inl'evtion osuuot be 
dedd«d I>t the liiidings in Ilie human eye. bat Ht best uieroly l>j' ei|>eritnutital mathodn. 

* HeidellMrK Congiraa, 18U2: discuniou ou GreelfB iKimmliulcatiou. 
» Cmniile £aulu fit la Hoc. Fraiu;. d'Ophlh., 18H6. p. 53*. 

- ' Diswrtation of Oertxon, Bostock, ISDti, > Ulicr Pneuiiiokokkeu ' (Schliua). 

* Schirmer [[oteniat. Ophtb. Congreaa, L'trecht. 1960} attributvd a miinbcr of subacute 
iareotioDs to impure burio lotion. 



94 



BACTERIOLOGY OF THE EYE 



obtained only a Blight reaction when he injected buiiUI amounts into 
often only a transient cloudiasBS occurred. Nevertbeless Bupprecht and myself 
have shown that Hubacote cataract- infection occurs in the human eye trom in- 
fection by white Stiphi/lorticci, whieh cause no reaction in the rabbit's comea. 
These cocci may perhaps find a specially favourable medium in the aqueous mixed 
with lens matter, the more so when the power of resistance is low. 

In an eye with iridocycUtis, after cataract extraction and prolapse of vitreous. 
Gourtein' found the jtftrrocofcis i^nndicans — i.e., the white non-Jiquetying Staphy- 

Many strains of B. xerotic, the commonest of the conjunctival llora, do not 
possess the power of active multiplication in the interior of the rabbit's eye. With 
Dr. VogeP 1 have injected a number of these strains into the vitreau.'<. When in 
greiLt numbers they cause an inflammatory infiltration, varying in degree ; but in 
a few days only degenerate bacilU can be found, and in cultures very few colonies 
were obtained. After about a week all was sterile. With very small injections of 
other strains, Bietti' obtained the same result. Although we are not justified in 
attributing to the majority of the conjunctival xerose bacilli the power of infecting 
wounds, yet there are here and there strains which can ^ow in the interior of the 
eye, and can remain alive there for a considerable time. This is shown by the 
experiments by Deyl and Demaria,' and in cases of wounds recorded by Kastalska, 
Gourfein, and D. Smith, such bacilli were obtained. The first two authors had 
cases of panophthalmitis in the full sense of the word. It would have been in- 
teresting had controlled inoculation been made with small quantities of these 
bacilli to determine the power of reproduction. 

I would hke to note here that the inflammatory reaction produced by these 
pseudo-diphtheria bacilli is not induenced in the slightest degree by diphtheiia 



The following bacteriological researchea are available on the 
question of post-operative panophthalmitis in the human eye : 

Siapht/Iiwi'ccun pi/o-ji'ius aureus: Cases by Leber, Sattler (Intemat. 
Ophth. Cougr., 1889), Weeks,-' Terson and Gabrielidi^a," De Schweinitz' 
{Staph. pif oil . litreus and pseudo-diphtheria bacilli). 

Oziena or Pneamohacillus: Cases by Tersou and GabrielideB [cf. p. 242). 

A'trwse baciUi or bacilli of the diphtheria group : A few cases (Kaa- 
talska, Gourfein, loc. cit.). 

Piiewnococ-i : Cases by Gasparrini,^ Ewetaki," Mundler,'" Oertzen," 
Kuhnt,'- Sehirmer and Flatau,'' Schmidt and Hirota," Johnston,^ 
"Woods and Johnston,'" Taylor,'^ Duclos"^ (the last-named seven cases). 

Besides the two published cases by Oertzen, from 1897 to 1907. I 



n. di oiua., i9oa. ) 



* Lovy and Fukler »peiik in a ainular way of a Coryiubadtriam pyogcnai (c/. Iicwandowski, 
Zmt./. Bai.t,., 1904, xixvi. 3B9). 

» Arch, of Ophth., xxi. 22. 
' Ophth. Bev., 1898, p. 32. 
« JUi lUl/a K. Acad, dci F^iocrit., 

• IVJrXnii: OJI.il.. 1896, p. 222. 
1' K.M.J. A,, 18S9, p. 4a2. 
" /i,a., 1B03. ix.213. 
" Mod. Nbws. 1904, 85. 
" T. O. 3., 1903, p, 130. 



• Arch. d'OplUk., 1894, jJi 

8 (Siena). 

'" Ziegler's BtitrSge, 1897, 
''' Zeil./.A., 1898, p. C2. 
" /iirf,, 1902, vii. 
'« Ophth. Reo.. 1904. p. U 
'" Ann-d'Ocid., 1B06, cxx! 
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have seen five more cases of panophthatmitiB from pneumococcal 
infection after cataract, and three from Staph yhnurns wrens, in one 
of which the infection spread from a conjunctival suture. 

Streplwo<.'-'i : Two cases by Duclos (lye. lit.), one of which had also 
infiuenza bacilli. 

The Pneumococcus therefore Is by far the most important 
organism in post-operative infection of the grlobe. A dacryo- 
stenoais, a conjunctivitis, oecaBionally the I'tirttmiHi'iri of the normal 
conjunctiva, and the sputum (Flugge),^ which may infect sterilized 
instruments, form the sources of contamination. Hotta* infected 
rabbits' comeii; with sputum, and in about one-tbird of the cases 
pneumococcal infection resulted. 

Transference from the mouth or nose can only occur by external 
contact. Under no circumstances can the pneumococcal infection 
pass through the healthy iliirtus nasi'-la<ri>iialis (Bach),'' nor can they 
pass up when there is a permeable stricture (Hauenschild).'' 

In the case of panophthalmitis after wounds the conditions iire 
somewhat different. Pneumococcal infection is not so preponderant 
in these cases, as in many cases the body causing the wound carries 
with it the organism which produces the reaction. 

Sliyptoro<-ciis pt/or/eiKu here plays an important part (Gallenga,* 
Deutschmann, De Schweinitz," Enslin and Kuwahara, U>f. lit.). I 
hiive grown it five times. 

I'jIiMji-mr slaphi/lucocri : (Leber, Sattler, Gallenga). I have grown 
them many times. 

I'ymjenk bacilli are often found ; Sultilia and its allies (rid-' xupra) ;'' 
also B. pyocyaiieus {Sattler,* Hanke*), B. riili (Randolph"*). 

B.pyoijfHi'i PasKi't (Monti, Seimeni, Gallenga"). The bacillus grown 
by Finlay ^^ must be classed here. Chaillous '^ found an anaerobic pyo- 
genic bacillus— the B. perfringvifi — in the vitreous in two cases of 
traumatic panophthalmitis after splinter wounds. In both cases 



' K. M./. A., 1(103, M. ii.. p, 474. 



■ Ihid., li)05, Hd. ii,. p. 237. 
* "phth. KlUik; 1898. Xo. 16. 
= JUaaegna di ScU-ixn .Vfi, 18SS, n. 1, • Ophth. Eev., 1898. p. 32. 

* UrbatiD reported that he Imil occasion&Ity gronn PnAeio {I'philt. Klin,. 
p. 22(1). 
> Ophth. Congr., Heidelb., 1893. 

■ Zeil./. A.. 1904, X. 373. Hanbs recorded his lindings u Bari/liu proUua fluoi 
AutordiOK to MacNsb (f . Jf./. A., 1905, ii. 542], it ruUy waa A ji^oc^nnu. 
" Am, Jour, of ilud. Sciences, ISSU, p. 440. 
" C/. Gallenga, Bataryna lii Seiriaa Mrd., 1888, iii. 2. 
" Ann. dr/ciU.. 1893. t. ciK., p. 130. 
" Ibi-l., August, 1905, cxiitiv. Till then thii 
ntitis. gangrene of the long, and patrid 



icillus was only Tonnd in appendicitis, 

, „ „ „, , . ipjemia. and always mi.ved witli other 

bacteria : bat here pure oaltures were found in the eye. Veillon and llorax found another 



anaerobic hacillus in a caae of dacryo-pericjstitii gangneDosa. 
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there were fever and vomiting. From a slide which was very kindly 
sent me Fig. 5 on Plate III. is prepared. 

The bacilli appear in the secretion as large (1 ft by 8 to 9 fi) Gram-positive 
bacilli, often granular and staining irregularly, sometimes growing in filaments, 
and in form and size greatly resembling the B. subtilis depicted alongside, from 
which indeed, they cannot be microscopicaUy distinguished with certainty. The 
two figures differ considerably, but Subtilis can also show similar appearances in 
pus to those of the Perf ring ens here depicted, and vice versa {cf. figure in text, p. 80) 
The bacilli are surrounded by clear spaces, which however, are not true capsules, 
but a retraction of the medium. They have no spontaneous movement and no 
spore formation. Growth is only anaerobic. Free gas-formation occurs on sugar 
media ; in bouillon clouding, with formation of a deposit. Offensive smell in all 
cultures. On agar small, flat, grey colonies. Gelatine not liquefied. Subcutaneous 
injection causes an emphysematous inflammation in guinea-pigs, but not in rabbits. 
Injection into the vitreous of rabbits causes panophthalmitis, into the anterior 
chamber a purulent iritis. 

In microscopic preparations of the enucleated globe dense masses of bacilli are 
found, but only at some distance from the vessels, corresponding to their anaerobic 
nature. 

The B. jxr/iingms, first described by Veillon and Zuber,^ mast 
always be considered, as well as Suhtilu^ when dealing with large Gram- 
positive bacilli in pus, and in such cases it is advisable to make an 
anaerobic culture. On account of the omission of cultures Chailloas 
was doubtful whether this organism was present in two further cases 
of * panophthabnic gazeuse' recorded by Darier (Jja Clin. Ophth., 
1906). In another case of ' ophthabnie (jazeuse ' enucleated by 
Gayet, Arloing cultivated bacilli from the fluid obtained by puncture. 
These were very small, resembling those of mouse septicaemia, and 
produced an inflammatory emphysema in guinea-pigs (Soc. de Biologie, 
November, 1887 ; quoted by Gabrielides). 

Regarding panophthalmitis following a direct perforating^ wound 
with a pneumococcal infection, see cases by Gasparrini, Lucciola,^ 
Cu6nod {J(K\ cit.), De Lapersonne and Painblau,^ Mayweg,* and 
Lagrange.^ I have often seen such an infection. If we add to the 
cases of wound infection those in which septic hypopyon-keratitis,^ 
especially ulcus serpens, follows on an abrasion of the epithelium, 
then pneumococcal eases form the great majority of wound 

1 Arch, de Mvd. Rrpl-n'mrnt., 1898. 

- Auit. di Offal., 1893, xxi. ; Ginni. MoL di R. Escrrito, August, 1896. 

^ lici:. Gt,\. d'Uphth., 1897, No. 6 ; These dr LiUr, 1897. 

'' Cf. AxeiifekJ, ' Seiiniitlierapie Infekt. AugeuerkrankuDgen,' Freiburg, 1905. 

* Jiccneil <i'(fj>hfh., 1901, i>. ool. 

^ See chapter on ' Cornea ' for such corneal infections, also for oilier forms of traumatic 
infective keratitis, and those from the moulds (Aspcnji/fi's fumi</(dt(s). Wo should here 
note that in rare cases a perforating mould infection has been observed (Leber and Nobl»e, 
Romer, Kampherstein, Scliirmer). In Komer's cases cultures of As}KrijiIlas fiunigatuis 
were obtained. 
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infections, ae they also do when we include in the total the panophthal- 
mitis developing out of a corneal sepsis. (Panophthalmitis resulting 
from reinfection of old adherent scars belongs in part to this group.) ^ 



Prophylaxis in Affections of the Lacrymal Passages, Conjunctiva, 
or Lids. 
Special emphasis must be laid on the preventive treatment of the 
source ot the infection, particularly if it be pneumococcal — such as 
a conj unctivitis. and more particularly in the working classes, 
a dacryocystitis. In all cases where conservative measures fail 
to secure the removal or destruction of the infection, especially in 
the case of the labouring classes, a radical extirpation of the sac is 
usually the best procedure. What, then, will be the condition of the 
conjunctiva with regard to its bacterial contents and its infectiousness 
aft-er excision of the sac ? 



We have nlready shown that the flow of the tears is an important factor in the 
seU-cli^anBing of the e^e ; 3-et in auch cases this is permanently interfered with. 
Can we then consider the condition after eiciaioD as comparativel.v favourable 
with regard to infection '! The condition improves after tlie operation, because 
a stagnation and multiplication of the organisms previously occurred above the 
stricture in the nasal duct, and from this source infected material could tind its 
way backwards into the conjunctival sac. Of course there :s a stagnation in the 
conjunctival sac after the operation, but there is obviously a radical ditTereace if the 
interruption is above or below the lacrymal sac. In the lacrymal sac the conditions 
are most favourable for the growth and increase in virulence of organisms, especially 
the Pneiimococciis — the commonest and most dangerous one for the eye — 
not only because the temperature of the sac exceeds that of the open and 
moist evaporating conjunctiva, hut also beceuae the constant washing with sterile 
tears ceaaes as soon as a complete stenosis occurs. No further fluid can hnd iis 
way into the sae when it has already been filled and cannot empty itself. The fluid 
in the sac. too, is a better n'Jtritive medium, the more so when a catarrh of the sac 
causes an increase in its organic contents. 

From clinical experience and the bacteriological researches which 
I'laut and Zc-iewski^ carried out at my instigation, we know that, 
a tew weeka after an extirpation, provided auch has been perfectly 
accomplished, the conjunctiva has become relatively safe from infec- 
tion, and can be satisfactorily cleansed. The interval between the 
sac operation and any other must not be made too short ; and it ia 
wrong to lay down any hard-and-fast time for every case, for the 
conjunctiva and the lid margins in patients with dacryocystitis are 

• C/. Wagomnonn, A /. 0., 188S. xxxv. US ; Trraon, Ann. ifOcal., 1898, cix. llfi ; 
DolgmuoffoDd Sokoloir, A./. A., IMS, xlvii. sei, 

' (JliuttiiiK off till.' uc by CHUterintioii of tlio oau«liculi is a protective measure ; in my 
exp«riei)ee thboluBure, however, ii not quite reliable (iT. Jf./. A., IBOl, xxxix. 1, p. M9. 
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often greatly changed, and will require some special treatment. Micro- 
scopic control of the conjunctival secretion is the only method of 
determining when operative procedure is safe after a sac excision. 
In those cases where there is a severe blepharo-conjunctiyitis, trachoma, 
or such-like condition as well, the extirpation of the sac will only 
improve matters ; it will not of itself be sufficient. 

The danger of infection increases with any pathological condition of the con- 
junctiva, and renders some preliminary treatment necessary before operations. 
We should pay attention to the DiplohaHlH when fomid in the secretions of such 
cases. Post-operative infections with this organism have not yet been recorded, 
but as both the Morax-Axenfeld and the Petit types can cause severe hypopyon- 
keratitis in the history of which a trauma often occurs, their preliminary cure with 
zinc is advisable. 

A preparation should be made firom the conjimetiva of every patient before 
an operation on the globe, especially a cataract extraction, even though the 
conjunctiva be healthy. The loop is passed over the lower fornix and close up 
to the caruncle ; some moisture, with a few cells, is thus always obtained. If no 
organisms can be found in this, or should there be merely xerose bacilli or scattered 
Staphijlocncci — i.e., small Diplococci — there is nothing against an operation ; but if 
Piieumococci be present — and they will be recognized by their elongated shape — 
a delay of a few days for treatment with zinc is necessary, and then the condition 
controlled until they disappear. L. Miiller^ and Stedman BuU^ also treat their 
cases in this way. 

With regard to the possibility of a wound becoming infected from 
the lid margins, especially the cilia, it is interesting to note that eye- 
lashes driven into the interior of the eye have almost never caused a 
septic reaction. This is clearly shown in the profuse literatare 
concerning the implantation of cilia in the iris and anterior chamber, 
with cystic formation resulting. L. Muller planted cilia in the anterior 
chamber of rabbits, and they always healed in without irritation. 

On the other hand, a few cases arc recorded of abscesses in the conjunctiva due to 
cilia forcibly driven in (Hummelsheim, Zetit, /. A., 1895, p. 567 ; Gunsburg, Wjeutnik 
OftaL, 1897 ; Kraisky, ibid., 1902, p. 364, quoted by Saemisch). Logetschnikow, 
however, found cilia in the conjunctiva without suppuration ; so also did Uhthoff, 
but in his case a cyst formed. Cilia are often found healed into this structure. 

Schioetz^ goes too far when he considers it necessary, before opera- 
tion, to epilate even quite healthy lids, and lays too much weight on 
the jBndings of Holth, who cultivated Staphylorocri from the cilia. 
The roots of the hairs do not cause so much danger as he thinks. 
Experiments have shown that the healthy cilia are quite suflSciently 
purified, even though the lid margins are not quite sterile, by the 
more energetic methods of cleaning and disinfection which are still 

1 K. M.f. A., 1901, xxxix., B.I. i., S. 360. '^ Tr. Amer. 0. S.. 1904. 

^ Iiitornat. Med. Congress, Sectiou for Oplitlj., 1900. 
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poHsiblfi (Gifford, Bach), especially when these are combined with 
the action of some substance which dissolves tat (benzene or 
alcohol, according to Pliugk'), or with an antiseptic dissolved in oil 
(Panas*). 

It is di£Ferent in lids inflamed by the various forms of blepharitis. 
Here pyogenic organisms are much more plentiful, especially Staph. 
aiiiYUK. A preliminary treatment is necessary before operation. 



The Serum Treatment of Infected Wounds. 

When in cases very liable to infection (general debility, diabetes, 
etc.^ I'lu-umiiimci are found to be numerous, or when the operation 
has gone badly, I give an injection of 10 c.cm. Home r- Merck's anti- 
pneumococcal serum (mWc lujra) either just before or immediately 
after the operation. I do this even although repeated experiments, 
which I have carried out with Dra. Zade and Brona, have shown that 
the interior of the eye partakes to but small degree in the general 
pneumococcal immunity, be that active (including the so-called 
'aggressin' immunity), passive, or simultaneous, even although the 
experimental animal be immunized with the actual I'Mnmovoi-fuit 
used for infection. 

ThmesaMaoHnf (Cling the anterior chamber with highly diluted cullnreB did not 
differ iu the iinmuniKBd animal fromlthe control. At most only in a tew inatanccH 
was a slightly milder auppuration produced. 

Iq similar inferlioni "/ the vilretms the inlluenoe was even less apparent. This 
is what would have been expected, tor Kozuer and Weasely have showa that 
protective bodies of (he htemolyBin (eytotoxin) group do not pass into the \itreous;' 
and, according to the latest results of ^Ve9Bely. only repeated tappings of the 
anterior chamber can cause a tranaference ot albumin into it. To a less extent 
even oan the passage ot precipitins occur (von IHingeon}. (Repeptors ot the second 
order—complements— accotdiog to I'Dsaek,* are present In the vitreous.) A passage 
of ha^molysin into the anterior chamber cannot be demonstrated under normal 
conditions, but after irritation (subconjunctival injections of sahne, tapping of the 
anterior chamber) such may occur. R'imer and Rymowlc/ obtained a positive result 
in the case of many aggiatinins— e.ir-, for typhoid agglutinin — even in the absence 
of irritation. Schneider^ found smaU amounts of alexins in the aqueous. The 

' A./. ^1. 1902. liv., S, 176. Tilt beuirtio also jwssesscs a cert»iu untiseptic p.mor. 
tiitTunl (Jour, of the Aiuer. -Med. Assoo., October, 1903) could not daiuonsltate that the lid 
margin could thus be quite ateiilized. Cocci remnined in th? mouths of the follicles. 

" Acad, dc Mil., Paris, September, October. 1893, nod Arch. d'l>i>hUi., Novemlier, 
1SB3. 

' According t(i Possck. howei-er [A'. J/1/. A., 1907, i. 3311), an immune Benim can be 
olitaiued in nibliits hj suljcutaneoua iujiction of viti'uous siilistanco, and this m 
liiemolytia amlioctptora. His results contradiut those of Paul {K. M. /. A., Janui 
ln07), who made similar uxpeiimenls. 

' Possek, ■ iJWr die Anligeneliaehe Wirkun(;dfS<.iIaskori*rs," A". M./. A.. 1S07. i 

» Jfi'iiek. Med. IFoc/t., 1907, ]>. 116. 
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latest work of A. Leber ^ with typhoid and cholera show that the amount of 
protective bodies in the anterior chamber, which though still perceptible is 
normally very low, is considerably raised by any irritation. 

It is remarkable that it was higher in the case of passive than in the case 
of active immmiity, although the serum is richer in protective substances in the 
latter than in the former. These are, perhaps, retained more in the blood in active 
immimity. The aqueous of the immunized animal showed only a very feeble 
bacteriolytic action. Schneider (Miinch. Med, Woch., 1907, p. 146) reports the 
complete absence of alexin (hsemolysin, bacteriolytic or bacteriotropio substance) 
in the normal aqueous of an immunized animal. These bodies were only found 
after tapping. 

K. Possek ^ has carried out further researches into the cytotoxin contents of the 
vitreous in normal and immunized subjects. Although diffusible substances slowly 
pass into it from the blood, this does not occur with antibodies. The nonnal vitreous 
is wanting in the antibacterial power possessed by the blood-serum ; and, further 
it has no hsemolytic power, such as the serum of the pig, for example, has on 
bullock's blood. Neither does the vitreous participate in any artificially produced 
increase in hemolytic power of the serum. Possek's results confirm the principle 
laid down by Romer^ of * the retention of cytotoxins by the secretory apparatus of 
the eye.' It was only after repeated saline injections and tappings of the anterior 
chamber that traces of hsemolysin could be found in the vitreous, as was shown by 
Wessely,^ although such substance could readily be found in the anterior chamber 
after alight irritation. Investigating the occurrence of bactericidal substances in the 
eyes of a series of non-inmiunizcd individuals, and working with the bacilli 
of dysentery, Zur Nedden*'* found the normal aqueous and vitreous not to be 
bactericidal, but merely bad media for growth. Bactericidal material, however 
entered the anterior chamber after puncture, and similarly but more slowly, after 
loss of vitreous into that chamber. Congestion of the eye or head by Bier's method 
produced no bactericidal increase, though an inflammatory condition of the 
globe did. 

If we assume that a similar condition obtains in the human subject, 
then prophylactic pneumococcal immunity after cataract operation 
may have a certain value, as the opening of the eye and the whole 
procedure causes a flow from the vessels, both "into the interior and 
also outwards, with which there may be some access of protective sub- 
stances. Should any inflammation occur, the reactionary exudation 
from the vessels and our serum treatment will have still more influ- 
ence in this direction. The cornea, too, according to Eomer, partici- 
pates to a high degree in the immunity. Serum treatment, therefore, 
can be of value. We cannot, however, affirm that its restraining action 
is at all equivalent to the influence which the opening of the lens 
capsule has in favouring an infection. 

^ • Immimitatsvi-rhiiltniasc d»T vorderen Augenkaniiner,' A. f. '>., 1900, Ixiv. 418 (see 
here collected lit<'rature). 

- A'. M.f. A., 1906, Bd. ii. 

"* A. f. <>., 1905, Ix., * Di«' Catarar-tu senilis voni Standpunkt der Serunifoi-schung,' 

■* DnUsch. Mril. U'ipch.^ 1902, and * Fliissigkeit.swechst'I im luenscld. Aujl;c ' in ' Ergebiiisse 
dcr Pliysiol()gi«'.* 190r». 

' A./, a, 1907, Ixv., S. 267. 
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We obviously cannot bring any certain proof that such injections 
have protected any individual case. I have never had a pneumococcal 
infection in an immunized patient. In estimating the value of the 
protective power which we thus deeire to produce, it would be of 
special value if cases of pneumococcal suppuration in patients thus 
treated with serum were to be observed. 

A» intfa-<'nthiy i>nriim'wntTal suppuration, irhrn alnaily ilnvlopfd, 
either in experimental or clinical cases, w not injtiicnerd at all by any 
grnim Iriiitiiicnl i/'-t iliviscrl.^ 

Rymowicz's- results with the more commonly applied streptococcal 
immunity are rather more favourable. He immunized the cornea by 
previous serum injections. Simultaneous injections caused a corneal 
infection to heal up slowly ; later injections had no effect. Previous 
injections alone protected at^ainst infections of the anterior chamber. 
Previous immunization had a very doubtful influence on eyes which 
were infected after the lens had been extracted. No curative action 
could he obtained in such cases by later injections. Streptococcal 
serum is much less often uueful in cases of wound infection. Such 
prophylactic measures were recommended in 18!t(> by Boucheron (Sue. 
til- Biiilogif, April, 18!)()), Eogman, Angelucci,'' and Attanasio,* re- 
commend injections of pneumococcal or streptococcal serum in all sus- 
picious cases. (This should certainly be done, on account of the 
danger of a general infection, in severe conjunctival or corneal lesions 
due to &7r.'j)/( "■.»■(■(■.) 

Eymowicz had analogous results with staphylococcal serum; but 
Paltschikowski^ was quite unable to modify staphylococcal infection of 
the anterior chamber by immunization. 

Loftier, working with chicken cholera, and Bonier with l^neiuiuKin-vi, 
have experimentally shown that the cornea participates not only in 
any general aitliio.iir immunity — ■■.!!., against diphtheria toxin 
(I'lomer) — but also in an antibacterial immunity. It was possible by 
active, passive, or simultaneous immunization, to protect the cornea 
against anything less than a very large dose of virulent ]'nrinni>nin:L 
A curative action, was, indeed observed in animals, but to a much less 
degree than the prophylactic. On this Rumer based a serum-prophy- 
laxis and a serum treatment of pneumococcal infection of the cornea, 
especially the ulcus cornetB serpens. This affection should here be 
noticed, as it usually results from the infection of small corneal 

' Axenfvld, ' Seruiiith*rapi« iufcktioui Augeacrknnkungcii.' Freiburg, 1906 (U. Huch- 
r<^ther), p. 76. In the Tutura luf^r dosre must bt tried. 

- WjMnOc Ofiai., 11KI3, Nog. 4, 5. • Anh. di tMal.. 1902, x. 78. 

' /Ud., 1903, ix. 401. ' (jnoUd b; A. Leber, toe at. 
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wounds. The difficulties which lie in the way when preparing an 
efficient serum, the theoretical grounds for its action, and the experi- 
ence of its use, will be given in the chapter on the * Cornea.' 

Deutschmann {Munch. Mfd. Woch., 1907, No. 22) has lately brought 
forward a serum which he considers very valuable for wound infec- 
tions of varying nature ; it is produced by the injection of Hefte into 
animals. The cases yet published do not allow us to form a definite 
conclusion regarding it. Details of experiments on animals are not 
given, and further information must be waited for. 

In those rare cases where Tetanus ^ has followed a wound of the eye 
or its appendages, which begin with that pecular clinical facial type 
of the disease, the Bacillus has been several times demonstrated by 
pure cultures, or by inoculations. With a splinter of wood removed 
from the orbit Michel obtained a typical infection in a mouse. Pes 
found B. tctani on fragments of rushes in an orbital exudation, and 
Bamsay found them in pus from a wound. Oiler, on the contrary, 
could not find any organisms. Ulbrich rightly tried the result of an 
anaerobic bouillon culture of a portion of the tissue in such a case, 
injecting -fjy c.cm. of the bouillon, two days old, into a mouse. The 
animal died of tetanus, thus proving the case. Ulbrich has experiment- 
ally demonstrated that tetanus is not produced by a pure culture of 
Bacillus tctani in the vitreous or anterior chamber. An intentional 
mixture with Subtilis, which always had a positive result when injected 
subcutaneously, produced no tetanus. Only once did such occur by a 
chance contamination. In the eye itself the reaction was only slight, 
although the bacilli were present till the eighth day, and their spores 
for five weeks. 

The antitoxic sera of Behring, Kitasato, and Pasteur can be 
used in treating tetanus. Their effects are uncertain when the 
disease has broken out. Kocher and E. Levy, therefore, advocate 
the use of these sera in injuries which have been infected with earth 
and dirt. 

^ Waix, Inauj<. Dissert., Herlin, 1803. Froinag«^t. Archives d'OjJUh.f 1894, xiv. 658 (8«*o 
hen- the older litci-ature). Chevalier, Tfu'se (//' Jku'deanx, 1894. Keiper, Ann. of Ophth .^ 
1S95, iv. 336... Santos reniand^'Z, ihid., 189(5, v. 335. Darier, Ann. d'Ocu/., 1897, 
cxvii. 444. Oiler, Arch. f. Atnjcnh., 1905, li., S. l'2l. Ulbrich, Verhaiull. d. Ophth. 
(irMlhch. in IfrideJbenj, 1905, S. 25»). Wageiimanu, ihid. Sell mid t-Rinipler, Ophth. 
Kongr., Heidelberg, 1904. Genth. Zeit.f. An'j'nh., 1903, ix., S. 55 {cf. here cases of 
Dahlhaus, Pollack, Sehuitzler, Roberts). Axenfeld, * Seriimtherapie Infekt. Augenerkr.,' 
Freiburg, 1905, S. 28. Xewniau, Brit. Med. Jour., 1904, ii., S. 1519. Ramsay, A. M., 
The Oplithalmoscope, 1905, iii. 537. Michel, B' rl. Ophth. GtstVach., September, 1905, ref. 
K. M.f. A. Worms, ThHc dr L)/on, 1905 {cf. here further literature). Crerok, Koeni^- 
hoefer, E. Levy, * Vers. AViirtt. Augeuiirzte,' K. M. f. A., January, 1907, Bd. i. Mayweg, 
A'. M.f. A., July, 1907, Bd. ii. 
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Endog-enous Wound Infection.' 
A traama, such as an operation, can act as the cause which de- 
termines the Bettliug down of circuhitiiig micro-organisms. In 
practice it is difficult thus to esplain infections, as we must exclude 
their entrance through the wound, Ectogenoiie infection is most 
likely in wounds which show septic intiammation during the first few 
days. For those infections which only show after the wound has 
closed, and after an initial non-inSammatory stage, the possibility of 
an endogenous origin becomes more and mora insistent the longer 
the time which elapses after the closure of the wound. We must in 
such cases note the following points: 

1. Paths of infection may remain in apparently closed wounds, 
along shreds of capsule, iris inclusions, etc. 

2. A certain latent period is possible in ectogenous wound infec- 
tions.- The organisms introduced must reach a certain number, and 
their action a definite degree, before they become obvious. The 
ectogenous suppuration developing in the space left by a cataract 
operation for this reason tirst shows itself several days later. 

In the case of purulent inflammations this latent period in the 
eye, especially after cataract operation, varies within very narrow 
limits, not only in the case of I'lieiaiioonri, which are usually the 
organisms under consideration, but also of the other pyogenic forms 
more rarely found. In dealing with these organisms it is very soon 
apparent whether the ej'e will overcome them, or whether they will 
find a good nidus therein, liesibtant Bacteria, whose spores take 
several days to develop into the growing form and cause suppuration, 
have never been observed after operations. Only once has a late in- 
flammation been observed in a case by Hess {I'aih'loiiie iler Lhise, 
Haii-lh. Gim'fr.Sai'mis'/li, 2 Aufl., 1905), in which SitbtUis was found. 
Suppuration due to SnbtiUs in splinter wounds has generally 
developed rapidly after the injury, and experimental infections by 
means of its spores have shown no latent period (Ulbrich, 
Stregulina). 

We find, when we esamine them further, thai the caseB to which j/oin( 1 refers 
include the niost of those eyes with adhtrenC scaj-a which are allected by an 
apparently spontaneous deep auppuration, generally leading ti 
Leber and Wftgentnaun^ Imve proved microacopically that i 
adherent eicatrices seemed ijuite unaffected the infection n 

' Cf. seetiuu on ' Kndotjenous Infection.' 

^ Temc.-ii'« eimrimenti sJinw tliat latent miliary abseesses niij rei 
regeuented epiihtliuni, aud taiiao late iufcclion lAnh. d'Upli., 1P05, ) 
' A./, 0., 1891. 
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along them into the deeper parts^ having arisen in an epithelial lesion whioh 
possibly had rapidly healed again. Terson^ and others have recorded further 
examples of this, and in several cases I have been convinced that this was the case. 
It cannot be denied that circulating organisms can settle in such eyes as a locus 
minoris reaiatentice,^ Such a mod^ of infection, which has been emphasized by 
E. Meyer, is certainly very rare. These late infections of adherent scars have 
mostly been due to chain-forming cocci and Pneumococci, Experimental inocula- 
tions into adherent scars in the rabbit's cornea have been made by Dolganow and 
Sokolow (A,f. A.J 1908, xlix., p. 861). 

All these circumstances must be taken into account when dis- 
cussing endogenous infection in any wounded or perforated eye, and 
we must not presume that any individual case is endogenous with- 
out very strong evidence, especially if there be no indication of 
any disease predisposing to metastasis. 

Cases which were probably endogenous compUcations of a wound, are recorded 
by Axenfeld^ (in the case of a woman who some days previously had had a pleuro- 
pneumonia, with splenic enlargement ; on the twelfth day, after a cataract 
operation, a deep suppuration occurred) ; by Hjort (two cases of suppuration during 
influenza) ; by Panas and Weeks (deep suppuration after a pure contusion) ; Stock 
(twenty days after healing of an operation wound, deep pneumococcal suppuration 
during influenza — K. M. f. A,, 1906, ii., p. 481) ; and Wopfner (pneumobacillary 
metastasis in a case of cataract extraction — K. M. /. A., 1906, xliv., p. 886). In the 
literature of cataract occasional cases are recorded. 

This factor must only be considered as very occasional, and 
wound infection must generally be attributed to ectogrenous 
infection. 

Endogenous wound suppuration has been experimentally produced 
by Panas (Soc. fran9. d'Oph., 1897), Tornatola {Ann. di Ottal., 1899, 
xix., p. 480), and von Koratkow {JVratsch, 1903, No. 50; Ann. 
iVOcuL, 1904, cxxxii., p. 152). They induced a septic pytemic con- 
dition in animals (Panas with Bac. coH and Tornatola with pyogenic 
cocci), and then subjected the eye to a trauma (Panas by an injection 
of nicotine, Tornatola by a perforating wound). Suppuration occurred 
on the injured side. Moll {Zentf. A., August and December, 1899) 
obtained the same result with Pyocijancus. 

The researches of Stock (7v. .V. /. A., 1903, xH., 1, p. 81), 
Selenkowski and Woizechowski (^'1. ./*. A.^ 1903, xlvii., p. 299) have 
shown that metastases in the eye, usually double-sided, very readily 
occur in rabbits whose blood has been infected with virulent 
organisms. In the case of Selenkowski and Woizechowski, who 
worked with subvirulent organisms, the localizing influence of an 

1 Ann. frOruL, 1S98, cix. 116. - A./. 0., 1S04, xl. 2, p. 113. 

^ IbifLf xl. 3. 
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irritant or foreign body was very obvioiiB. Koratkow states thiit an 
operation wound only acts as a localizing site for endogenous in- 
fections during the iirst few boura; later there is no difference 
between the operated and the normal eye. Experimental endogenous 
wound infection results in the uvea either from embolism or from the 
cut vessels. Koratkow ascribes a favouring influence to ijoet-operative 
(ietfichment of the choroid. (For human eyes this latter statement 
is doubtful.) The possibility, therefore, of an irritant as a localizer 
is experimentally demonstrated. 

There ia also the possibility that endogenous tuberculosis, syphilis, 
and other processes, can become localized in a wounded eye. This 
(juestion is now being freely discussed in regard to keratitis paren- 
cliymatosn, but there has not yet been any bacteriological research 
on the subject. 

The expeviments by which Tonuitola' sought to prove thitt n tosie 
wound suppuration could occur in the eye must be considered to have 
failed. Shimamura- conducted many experiments in my luboriitory, 
and proved that, on subcutaneous or intravenous injection of the 
toshis of Staph. aur<us, Sln-iitoroirtin, or B. (.■••li, suppuration or inflam- 
mation of an injured eye never results, provided that the most 
scrupulous care be exercised regarding asepsis at the site <if injury, 
audthe prevention of secondary infection. Vaienti™ has lately described 
an endogenous toxic inflammation artificially occurring in the con- 
junctiva after subcutaneous injections of the toxins of B. mli. There 
was no change in the eyeball. His whole work, and especially the 
question whether any wound inflammation can thus be caused experi- 
mentally, requires further investigation. 

The cases described by Toniatola, Lagrange,' Gaspnrrini,' and 
Rothenpieler" as toxic metastases will not stand criticism, and cannot 
he taken as proof that purulent infliimmation can occur in wounds from 
endogenous toxic infection. Whenever suppuration occurs in a 
wounded eye we must consider, with our present knowledg-e, 
that organisms are there present. 

The more chronic forma of inflammation, especially those of a sero- 
plastic nature, are possibly due to endogenous toxic causes, for in the 
pathology of other organs we have analogous local inflammations due 
to circulating poicons. Such an endogenous toxic inflammation of 
a wound has never yet been demonstrated, and in any individual case 

' ' Le Inlluimiuioiie Poatoperaloria in OculiBtica,' ISOO (Menina). 

' A'. M./. A., 1902, il. 1, pp. 229, 273. ' Arch- ,H 'Ma/., 1900, \-iU. 20. 

• Congris de U Soc. Frano. d'Ophth.. 1898, p. 370. 

• Ann. >ii OU'il., ISCS. xiav. 343. " Znit./. A., 18S7, p. 804. 
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it would be very diflBcult to do bo and exclude an insidious ectogenous 
infection. 

In the literature many accounts of such non-bacterial inflammations of wounds 
are found : Yignes {Ann. d'Ocul., 1896, cxvi., p. 876) and Rockliffe and Nettleship 
(T. O. S., xvi., p. 352) describe such cases. See also Wagenmann (A.f. O., 1896). 
Similar changes are ascribed to diabetes. 

Dolganow {A.f, A.^ 1896, xxxii., p. 262) reported hav-ing experimentally demon- 
strated that the toxin of Staph, aureus, circulating in the blood after repeated 
injections, could cause an infiltration of the optic nerve and choroid. This, how- 
ever, has not yet been confirmed. Certainly a slight infiltration of the choroid 
can occur in the human eye without any demonstrable metastatic deposition of 
organisms (Goh, A. f. O., xliii., 1, p. 147, and preparations by Yamagachi). 

The eflfects on the eye produced by the toxins of the pyogenic 
organisms circulating in the blood, tend towards hsemorrhagic changes 
in the retina, and this is what is invariably found clinically. 

In the case of insidious wound infection, especially in iridocyclitis 
traumatica, the possibility of the introduction from without of an 
organism of long latency must be very carefully considered. The 
causal agent in this condition is almost unknown; it is related to 
that of sympathetic ophthalmia, and in this respect somewhat resembles 
the organisms of the tubercle group, which have a latent period of some 
weeks after their inoculation, and the power of healing into the 
tissues, to cause recurrences later, which power is only very slightly 
possessed by the true pyogenic organisms. 

The healing in of living pyogenic organisms into the eye, to cause 
renewed inflammation later on, has never been demonstrated. These 
organisms, it should be observed, can be demonstrated in the eyeball, 
even after panophthalmitis and perforation, for a longer time than 
that given by Deutschmann in his review of sympathetic ophthalmia. 
In Schmidt -Rimpler's case it was four weeks, in Schirmer's^ 
three weeks, and in Axenfeld's^ case five weeks. 

Regarding sympathetic inflammation after wounds, both in 
the 'exciting' and the * sympathizing ' eye, cf. section on 
' Endogenous Infection.' 

In the experimental records concerning traumatic infection of the cornea or of 
the interior of the eye with Aureus (or a traumatic tuberculosis'), the question 
whether such should be treated by iodoform injections (Ostwald, Haab'), by sub- 

^ A.f. 0., 1892, xxxviii. 4, p. 95. 

2 Jlnci., 1894, xl. 1, \K 47. 

'' Traumatic tuberculosis of the eye in man is exceedingly rare (Scliirmer). 

^ Concerning the literature of intra-ocular disinfection, especially with iodofoi-m. see the 
detailed jiaper on the subject l>y Krauss {Zrit.f. A., 1904, xii. 97). Ronier states the \iew 
that iodoform treatment has a special effect on a staphylococcal infection, but not on 
Suit His. 
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conjunctival injections (Darier, Mellinger,^ Bacb, etc.), by antiseptic irrigation with 
silver salts' (Krasowski, Hauenschild^), by ointments and compresses, or by general 
treatment (mercury by Schirmer and others), can be dismissed with very little 
notice. 

1 Cf. literature in Zcii.f. A., 1S90, i., ]>. 273. 

* Cf. literature in my 'Ergebnisse,' 1894-1899 (Bcrgmann, Wieabadeu) : also in Michel 
and Nagel's * Jahresberirht, bv Haab. 
•' Derby, Tr. Amer. 0. S., 1906, ]». 21. 



CHAPTEE V 
CONJUNCTIVITIS 

General. 

The collection and preparation of bacteriological material is fully 
discussed in Chapter I. 

Although the researches into the etiology of conjunctival inflamma- 
tions have been,^ and still are, numerous and full of interest, and as 
a result their scientific value is widely known, there are good grounds 
for the supposition that too little importance is generally attached to 
the practical results thus obtained. 

I am firmly of opinion that the objections and doubts, which are 
now shared by so many, would more rapidly disappear were surgeons 
to obtain for themselves the necessary experience in this branch of 
ophthalmology, and to form their own opinion as to its utility by 
a free practical trial. 

Those who, during their time as assistants, have had the opportunity 
of frequently examining secretions, without exception firmly believe in 
the value of such an examination, and would never be without it in 
their practice. 

The examination of long series of cases is necessary before we can 
give a sound opinion on the bacteriological etiology of the conjunctival 
inflammations. We are not in a position to define all forms of con- 
junctivitis on an etiological basis, and a small number of cases is 
therefore less useful. Those who content themselves by only examining 
a few cases may perhaps be deceived and form wrong conclusions. 

It is diflicult, if not impossible, to come to a conclusion on this 

^ That e]»i(]emics of conjunctivitis occur amon<:( animals is shown by Guissart (conjunc- 
tivitis ot ^oats, ' Trugrt'S Veterinaire,' 18^8, p. 369), Penberthi (in cattle, Jour, of Comp. 
Anat. and Ther., li>U7, x. :J6:3i, Hoppe {nj^hth. Kiinik\ 1899, iii. 14), Liebrecht {ZooL 
(iurbn, 1902, p. 06-, Hoppe, Hartds (in ducks, K. M. /. A., 1904, xlii. 239, with 
lit(!ratur(0 ; also by diphtlieria in biixis, concerning which full bacteriological researches 
have been made, c/. Streit ..Z'it. ;'. H;/fj. it. lii/.y 1904, xlvi. 407), and also the review by 



Schleich in Michel and Xagel's ' Jahresber.' 
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subject by studying the literature, for not only do we find work which 
ia erroneous and contusing, but also the individual infective processes 
do not correspond to any absolute type of disease. Bactariological 
investigation has found a different etiology for many conditions 
clinically identical, and has brought into one class others which 
differ clinically and were previously entirely separated. 

The fact that it is impossible, from the bacterial tindings alone, to 
come to a conclusion concerning every case, appears to many who 
have not studied the matter, nor themselves examined many HGcretions, 
to be conclusive evidence of the superfluity of such a proceeding, the 
more so as it is not possible for every oculist to be an expert 
bacteriologisl. 

We also find that the organisms proved to be pathogenic can 
sometimes be found on the healthy conjunctiva. How, then, can we 
convince ourselves of their significance there ? 

As a matter of fact, the clinical utility of bacteriological examina- 
tion in conjunctival caaea ia very marked in many resiiects. In many 
raei's a simple gmcar prejMration (g more useful than a culture, becauae 
many pathogenic organisms very obvious in the former only develop 
badly in the latter, and are overgrown by casual Bacteria of no 
importance. 

I would first emphasize that anyone, although only possessing 
a limited general knowledge of bacteriology, can readily attain 
to such proficiency as will prove of practical utility; for the majority 
of authors' agree that the causal agent in the cnse of a catarrh 
generally is such an important object in the picture that it can 
be readily seen in smear preparations of the secretion, if suitable 
material be collected at a suitable stage in the condition. In many 
cases, too, the morphology and staining reaction with Gram are 
sufficient for diagnosis. How far this is the case and to what extent 
this statement must be modified will appear later. 

If we ask. What is the rliitical utility of examining the conjunctival 
secretion? the answer is: Epidrmicii can then he defined according 
to their cause, and prognosis, prophylaxis, and treatment decided 
definitely. 

' Mom. Monix snd P<:lit. Axenfeld, UhtholT. L. Muller, Zur Ni-ddoii, Skciiiiai^h, 
Groetiaw. Gonin, Luodea^'aanl, ^Veeka, DirTord. Juniua, Guptrrini. Vgim; and De 
Schwcinitf, Bach and Neiinuma, L. tluller. UolfmAnn, Uietti, Co]>pez, Goiirrcin, Kandali'b, 
D. Smith, Pollook, SlaoKali, Hanto, Fergus, Stirling, MoKw, Tooki-, G. S. Derl.v. 
JunesoQ. EvsuB, CaimsB, Coisitii, liriilith, Monthus and Oi'in, i-ialjri^Udea. Scbiiiidt 
Kimjilpr, A, Kna|>ii, Knickt-nlitrg, <lr«ir, Straub, Dalen, Bromi-riiser. Zik, Stouwer and 
Schmidt, Brewertan, Tbomson, Dnane and Hastings, Usher and Fraser, Bntler, and 
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Similarly with individual cases of acute conjunctivitis. The 
identification of the most severe cases (blennorrhcea and diphtheria) is 
very important at their commencement, as well as at their height, and 
often renders a specific (serum) treatment possible. 

Among cases of chronic conjunctivitis the demonstration of the 
THpIohaciUus is very useful. The varying manifestations of 
this widespread and common infection, which often enough are 
quite overlooked, can be definitely counteracted by suitable treat- 
ment. 

Many conditions which clinically appear unlike infections can be 
very infectious for others ; this would be determined by an examina- 
tion of the secretion. Both patient and surgeon, too, are often 
relieved to find that an apparently severe case, on examination of the 
secretion, is really of a mild character. 

Important facts are obtained regarding operations. 

It is important to note that almost the only organisms occurring in 
acute epideynics of catarrhal conjunctivitis are the Koch-Weeks 
bacillus (perhaps also infiuenza bacilli), and the Pneumococcus (in 
Egypt the Gonococcns also, rarely Subtilis). Other pathogenic con- 
junctival organisms only exceptionally occur. 

l)ia<inosisfrom a simple film preparation is sufficiently accurate for 
clinical use in the following forms of conjunctival infection : 

Gonorrhceal (with the signs of blennorrhoea), Koch-Weeks, diplo- 
bacillary, pneumococcal, influenzal, Bac. coli, staphylococcal, strepto- 
coccal,^ Bac. subtilis, as well as mixed forms from these. 

Cultures must be made : (1) when Gram-negative Diplococci are met 
with, either in a simple catarrh or on a normal conjunctiva, to decide 
between the Gonoeoceus, the Mirr. catarrhalis, and the rare Meningo- 
coccus ; (2) for the differential diagnosis of the diphtheria bacillus 
from the Bacillus xerosis in pseudo-membranous conjunctivitis. 

When in either of these cases a culture cannot be made, we should 
treat as for the worst organism in the smear — that is, for a probable 
gonorrhoea or diphtheria. 

The diagnosis of Staph yloeocri in the smear (with or without xerose 
bacilli) is of value, as showing that in a simple conjunctivitis we are 
dealing with a non-contagious process in which the infection is only of 
secondary importance (see * Staphylococcal Conjunctivitis,' p. 236) ; 
it may be a casual occurrence in cases of indeterminate bacteriology in 
which these cocci have developed without any causal significance, such 
as trachoma or follicular conjunctivitis. 

^ In the great majority of cases see p. 206). 
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kcCena negative cases, ' 
no orgnnisms or only single cocci and xerose bacilli are found. 

If, then, these ' hacteria negative ' cases do occur, must we not ask. 
How can we be quite convinced that in other cases the bacteria are 
the cause of the Beeretion, and, if they are, to whut extent '? Cannot 
the cause be something quite different, as indeed, it mast be, in the 
' negative cases ' f And may not the increase in organisms be quite 
accidental ? 

This point is cleared up for us by a comparative study of clinical 
esperience and bacteriological research. The results of introducing 
pure eiiltures into the human conjunctiva, as has been voluntarily 
done by several people, are here of great importance. The organisms 
utilized were certainly the cause of the artificial catarrh produced. 
When we find them just the same in a secretion and associated with 
an analogous clinical jueture, we are justified in considering that they 
are causal. By further observation, then, the clinical picture can be 
completed. 

If, then, these inoculations with pure cultures of the Koch-Weeks 
bacillus or the Moras-Axenfeld bacillus almost invariably produce 
a conjunctivitis, and that too, in very varying people, it is strong 
evidence that any secretion in which these organisms are to be found 
has been caused by them. For obvious reasons, no considerable 
experience is available concerning the inoculation of pure cultures of 
the Guni'i-'iirtis. The gonorrhteal etiology of purulent urethritis 
(with rare exceptions) has been absolutely proved by the inoculation 
of pure cultures on the human urethra. From this, and from the 
observed fact of transference of the infection from the urethra, 
as well as from the direct inoculations carried out by Biringer, 
it is clear that when this organism occurs on the conjunctiva in 
a case of bleunorrhixa, it can be considered as pathognomonic, just as 
in the case of the other organisms already considered. 

The organisms mentioned must be considered to be hig'hly Infec* 
tious for the conjunctiva, where they always produce a conjunctivitis 
when a secretion containing them is brought into close contact with 
it. The demonstration of a very small number of such organisms is 
sufficient to make the diagnosis very probable. When they occur in 
large numbers -which is usually the case — such a diagnosis can b« 
made positively. 

We can also form a definite opinion as to which organisms develop 
secondarily on the inHamed conjunctiva. In esamming the bacterial 
fioraof the conjunctiva in cases of iritis, or during the aseptic healing of 
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operation wounds, with the exception of a few organisms occasionally 
met with, Staphylococci and xerose bacilli are generally found, often 
in large numbers. Those other organisms which definitely do cause 
conjunctivitis — as for example, the Pneiimococcus — do not occur, or 
are found in isolated cases, and in very small numbers. 

According to my own experience, which agrees with that of Moraz, 
when single examples of the less infectious and rather more facul- 
tative conjunctivitis organisms are found, especially Pneumococci^ 
Streptococci, influenza bacilli, Pncumohacilliy B. coli, and B. suhtilis, a 
definite etiological diagnosis cannot be made. In such cases we 
should certainly take note of the condition, repeat the examination, 
and consider whether we have to do with an inflammation in the early 
developing or later regressive stage, when the actual causal agent 
might not yet have reached, or have already passed, its greatest 
profusion. From the mere presence of an organism we should not 
venture on a positive diagnosis. When really pathogenic, at a suit- 
able stage they will be found in large numbers. When we find them 
numerous, their etiological significance is so very probable that we 
can give a clinical diagnosis {e.g., pneumococcal conjunctivitis) ; for 
then the possibility of an error — that is to say, that the organisms are 
purely saprophytic — though not absolutely excluded, is certainly very 
small. It is only very rarely that I have found numbers of Pneu- 
mococci without well-marked inflammatory reaction, and then only in 
the stagnant secretion of an everted punctum, after extirpation of the 
sac or a commencing ectropion, etc., when Staphylococci, xerose 
bacilli, and sometimes Mic. catarrhalis, could also be found in 
enormous numbers. 

Stapliylocorci certainly can be present in large numbers without pro- 
ducing any result, and the same may be said of the Bacillus xerosis 
When either of these two organisms occurs along with other infections 
— (•//., Koch-Weeks, Pjirumococcus, etc. — they are not generally to be 
considered as * mixed infections,^ but simply as accompanying bacteria 
which have no definite influence upon the disease.^ Taking this view, 
it cannot be said that * mixed infections,' in the full sense of the term, 
are common in simple catarrh, though they are in pseudo-membran- 
ous forms : they often accompany trachoma and secondary follicular 
catarrh. In the most profuse mixtures of organisms which I have 
ever found in the stagnant secretion of ectropion, etc., the impression 
was given of a saprophytic overgrowth, and the bacteria were often 
only casually present. 

^ C/\ 'Svnibiosis.' n. 43. 
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Regarding the ijueBtioii of the clinical value of such esaminationa, 
it IB necesBary not merely to know which organism is at work, what 
clinical BignB it produces, and to what extent it can cause epidemics; 
but each surgeon must determine, by the study of serial records, 
the importance of the various infecttonB in his particular district, as 
there are great epidemiological and local variations in these infectious 



A large number of recordu from various countries^ show to what 
extent and with what limitations a true etiological definition can now 
be apphed to conjunctivitis. A few data - will be taken from the many 
papers ranging through the whole subject of conjunctivitis. The 
freciuency and chamcLer of the various infections will first be dealt 
with, and then the details regarding these various forms will be 
treated of in a separate chapter. 

The Mcretiona of 9(M) cases'^ of a.cQlie and chronic conjuaotivitiB (out of 12,000 
pBlientB) were L-iamined in the Freiburg Polyclinic in the yeara lOoa-1905 inclusive, 
in which were found : 

ril9 conlaintng DiplobneiUi. 
41 ,. Koch-We«ks bacilli. 
84 „ Pneumococci. 

12 „ Gonococci. 

6 „ Loffler'fl Bacillus iliphtkeriie. • 

5 „ Streptococci eauaing diphtheria. 

2 ., Pneiimohadlli. 
S „ PfeiHer'a (influenza) bacillus. 
In the 278 cases remaining the ordinary StaphyUicocci and leroae bacilli were 
very often found ; in 9 of them MicT. eiilarrkalU occurred, but without any certain 
causal significance. In some of the cases Stiipki/lococci were more numerous, and 
these might have been classided as staphylococcal cotijunctivilia. Even when we 
take the last group as doubtful, we have a useful slide diagnosis, on a cuueal basis, 
in something over iwo-thirdd of the coses. In this list those organisniH are given 
which in the individual case appeared either pure, or, on account of their over- 
whelming numbers, to be the most important. Mixed infections are not (juoted 
separately ; regarding their frei^uency see the individual chapters. 

Qcnin pubUshed dtatislics of 365 cases, which occurred in a definite period of 
time, and from which only traumntic and phlyctenular conjonctivilis were excluded. 
His results were as follows : 

{a) IB cases of pseado-membranooB coDJonctivitia : 

T containing Lollter's bacillus. 
4 „ St.iphylococcui. 

1 „ Pncumicwriii. 

1 „ Koch- Weeks bacillus. 

' Records from Southern climnles are soanly, Kyypl, Artpulina (Dumaria), Paraguay 
(Klnuissiuij, and Palestine (Butler), alone are avaiUblf , 
' For this i>urpa«v I havt ukeu aiily the later papers. 
' Cf. the dissertation of UeislFreiliiu-g, 1M07). 
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(6) 42 cases of pnrnlent conjunctivitis : 

24 containing Gonococcus. 
8 „ Koch- Weeks bacillus. 
1 „ StaphylococciUi, 

1 „ Streptococcus. 

2 „ various indeterminate organisms. 

2 „ none. 

(r) 310 cases of catarrhal conjunctivitis : 

185 containing Diplohax^ilU, 
10 „ Koch-Weeks. 

10 „ Pneumococcus. 

5 „ Streptococcus, 
83 „ Staphylococcus, 

6 „ various bacilli. 

11 „ none. 

(d) 33 cases of conjunctivitis neonatorum : 

22 containing Oonococci. 
4 „ Pneumococci, 

3 „ Koch-Weeks. 

2 ,, various bacteria. 

2 „ nothing. 

Examination of a secretion smear — which, indeed, determines the utility of bac- 
teriological examination in practice— gave a positive and useful result 245 times in the 
365 cases ; 15 times the result was quite negative, and 100 times individual organisms 
were seen (especially Staphylococci)^ but the result was indeterminate. Froui 
these results Gonin rightly afi&rms that such an examination is valuable in 
practice. 

The table given above further shows that diplobacillary conjunctivitis is very- 
frequent in Lausanne, the other forms being less important. 

With regard to the classification of conjunctivitis, Gonin agrees with Moras in 
the view that, respecting conjunctivitis due to Koch- Weeks bacilli, to Gonococci, 
and to Diplohacilli^ the bacteriological designation is correct and unassailable, for 
these organisms, as a rule, are alone the causes of the disease. For the others, in 
which disposition, etc., is of more importance, a clinical designation must be com- 
bined with the bacteriological. 

Pollock examined 236 cases of acute muco -purulent catarrh, and found : 

177 containing Koch- Weeks. 



9 


Morax DiplohaciUn^. 


6 


Pneumocorci. 


2 


Gonococri. 


1 


(Tonococci-\- Koch- Weeks, 


6 


Stdpliylococci. 


4 


indeterminate organisms. 


28 nefiative. 





69 cases of subacute catarrh : 



7 containing Koch-Weekp. 
51 ,, DipJohacUU. 

3 indeterniinate. 



8 negative. 
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10 oases of purulent catarrli : 

8 containing Koch -Weeks. 

1 „ Kocb- Waeka+ SiiiWii. 

1 „ Pneutttoeorci. 
G „ Gonocorci. 

IH cases of ophthaIiiii& neonatorum : 

2 containing Kuoh- Weeks. 
7 „ Pneiimococi'i. 

10 ,, Gonocor.ci (pure). 

1 „ aonoeorci+ Strepliicoeci. 

1 „ Oi>novfivci+ Eoch- Weeks. 

1 ,, Gonococci+ PneiiinococcL 

1 negative. 

2 cases of membranous conjunctivitis contained Staphylococci. 

IB cases of pliljrctenalar conjunctivitiB were negative. 

10 oaaes of catarrh were complicated with blepharitis, of which 

2 contained DiplohnciUi. 

5 ,. Slaphylococfi. 

2 „ Staphylococci+ Streptococci, 

1 wiLs negative. 
The aggregate of if&l cases of conjonctivltis was ; 
189 Koch.Weeks. 
62 DiptobacilU (Morax-Axenfeld\ 
9 Pneiimoeocci. 
it Pneamocooci+ Diplobacilli. 

17 Gonococei (pure). 
4 G(mococci+ others, 

18 Staphylococci. 

2 Sliiphylococci+ Streptococci. 
1 Koch-WeekB+S«6(i;ijt. 

299 positive results, in contrast with 62 
indeterminate or negative. 

Pollock's statistics also show clearly that many infections (Kocli-Weeks, lUplo- 
bacilli) present a definite clinical appearance in the great majority of cases ; and if 
the relative nombera in his lists are ooiupared with my own from Freiburg, we see 
how the frequency of (he different infections varies in different locaUties. 

C. Usher and H. Eraser ' investigated a series of S20 cases (in Aberdeen). 

Id 810 cases (exclusively townsfolk) infected with the Koch- Weeks bacillus, 36 of 
whom had the Diplobaoillua also present, a probable diagnosis wae given in 242 
(86*4 per cent.) ; 285 of ihe cases were children under fourteen years old. 

In 274 cases with Diplobacilli (clinically probable in 176), and mostly country 
folk, only about one-fifth were children ; H8 per cent, of the ' angular ' oonjnnetivitiB 
cases were due to Diplobacil/i. 

In 24 pure pneumococcal cases the symptoms varied. 

In 18 cases Gotwcocci were found. 

In 1 case diphtheria bacilli were found. 

In 114 doubtful cases (72 unilateral) i)7 shoived SlaphylocvccuK pyogenes albiit 
and Streptococci. 

In Usher and Eraser's series there was an increase in the trequtney of conjunc- 
tivitis among the town-people in spring and autumn, the first chie^,\' due to an 
increase in diplobacillary cases and the latter to the prevalence of Koch-Weeks 
conjunctivitis. 

I Loc. cit.. revicnod Oplitli, Kev„ 1907. 

8—2 
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In Egypt, generally in double-sided trachoma, Meyerhof found in 804 oases of 
acute pomlent conjunctivitis : 

157 containing Eooh-Weeks. 



80 


Oonococci, 


87 


DiplohacUU. 


10 


Pneumococci, 


4 


Streptococcu 


2 


influenza (L. MuUer's bacillus). 


1 


PneumohacilU. 


7 negative cases. 



Duane and Hastings in 132 cases of catarrhal conjunctivitis found : 

1 containing Gonococci, 

45 ., Koch- Weeks bacilli 

(10 pure, 8 + xerose bacilli, 17 + xerose bacilli + 
Staph, alhust 4 -f Staph. auretLS, 2 -f Micr. 
catarrhalis, 1 + Pneumobacilli). 
28 , Staph, alhua 

(18 pure, 5 + Micr. catarrhalia). 
3 ,, Staph, citreus, 

6 ,, Staph, aureiu. 

2 ., Streptococci, 
22 ,, Pneumococci 

(All more or less mixed with other organisms). 

5 ,, Diplobacilli, 

2 „ Diphtheria bacilli (pseudo-membranous cases). 
80 „ ' infection with xerose bacilli.' 

22 negative. 

The 80 cases with xerose bacilli should be considered as indeterminate, and 
recorded with the negative ones ; we then have (considering the Staphylococci as 
positive), 80 positive results, and 52 negative or of no value. 

Duane and Hastings insist that a mixture of several organisms is found in slight 
cases of conjunctivitis, giving the impression that the bacteria hindered each 
other's activity. 

Duane and Hastings go too far when they conclude that from the clinical aspect 
of the case no evidence can be gained as to the causal organism. I do not agree 
with them in considering the simultaneous presence of xerose bacilli, and in many 
cases the white Staphylococci^ as indicating a mixed infection in the true sense of 
the word, seeing that we cannot attribute to these organisms any definite agency in 
the production of an intlanunation, and at the very most they have only a sym- 
biotic function (cf, * Normal Conjunctiva '), or else are purely secondary. True 
mixed infection — i.e., the simultaneous pathogenic activity of different orgamsms on 
the conjunctiva — is by no means so frequent. When the margins and angles of the 
lids are avoided in collecting the secretion, pure cultures are very often obtained. 
Those cases should not be considered as mixed infections in which a few stray 
facultative pathogenic organisms occur amongst large numbers of the causal one. 

In the acute secretion of a trachomatous conjunctiva Duane and Hastings 
generaUy found a secondary infection (Koch- Weeks bacillus alone, or with Staph. 
Pneumococcus or Micr. catarrhaUs, or else the last alone or mixed). Besides these, 
they found in three cases only Staph, alius ^ and in one case a negative result. 

They attribute a special power of causing a compHcating keratitis to the Staphy^ 
lococciy especially Sta2)h, aureus ^ when thus present. There is no proof that such is 
the case. They very definitely assert that when it becomes virulent the white 
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Staphj/lococcui oHeo prodoces an inflaminatorj reaction in the conjunctiva and 
corneft. They refer to the obHervations of Gifford and Boaaalino on this point. 

Oliver considers the infections of the conjunctiva as mixed ones, in which one or 
other organism becomes more and more prominent, and determines tlio subsequent 
course of the condition. He considers the corneal complications as essentially due 
to the action of the pyogenic OTganlsms, for whose acti^'itv the others only prepare 
the way. 

Moral, who hod several times previously Bummarized the position, has lately 
given hia atatistica in tbe paper by R. \\sg6 on 692 cases of conjunctivitis : 
175 Koch-Weeks bacilli (14 negative). 
259 Diplobacilli. 
121 Gonovocci. 
18 Pneumoeocci. 
6 inflnenza bacilli. 

2 LotHer'a diphtheria bacilli. 
6 StiipkijlococcL 

10 indeterminale bacilli or cocci. 

96 ' amicTobicnncs,' of which 8 liad many xeroae bacilli. 
He gives the remarkable atatiatical record that, amongat 165 cases of ophthalmia 
neonatorum, TO were goDorrhoeal and 96 aon-gonorrhtcal, of which latter no fewer 
than 77 were ■ amicrobienne.' 
baoh and Neumann in 110 cases found : 

35 containing Diplobacilli 

(5 pure, 4 + xerose bacilli, 22 + Staph., 
1 + Pneiiinococci, 1 + PneiitnobacUli, 2 + 
Streptococci). 
16 „ Pneumococci. 

(6 pure, 7 + Staphylococci, 2 + Streptocoi:ci, 
Slaphyloeocci and xerose bacilli). 
63 „ Staphylococci in large niunberB, hut with them 

xerose bacilli, and often Sarcinie (quite a 
large proportion of this group must be 
considered as of doubtful etiology). 
Veasey in 64 caaes of acute catarrhal conjunctivitis found : 

3 containing Eoch-Woeka bacilU. 
53 „ PytenMoco'-ci 

(10 times niiied with others). 
6 „ Stiiphylocoiri. 

This is an enormoua preponderance of Pneiimocoi-ci. 
Lundsgoard obtained a positive result 68 times in 107 cases, of which : 
38 contained Diplobacilli. 
15 „ Pneumococei. 

6 ,, Gonoeoeei. 

6 „ Staphtflococei. 
1 ., diphtheria bacilli. 
1 „ B. coli rommums. 

3 „ Eooh- Weeks bacilli. 

In 381 cases Scholtz and Vemar (Budapest) found : 
178 containing Zli/'/nftrtct'/i. 
O.) ,. Koch-Weeks bacilli. 
U „ Pn 
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In the 178 cases of diplobacillary coDJunctivitis, 140 were chronic, 81 subacute, 
7 acute. Of the 65 cases of Koch-Weeks conjunctivitis, 50 were acute, 15 subacute. 
Of the pneumococcal cases, 4 were acute, 8 subacute, 4 chronic. 
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The articles mentioned and the other analogous records, taken in 
conjunction with those whicli will be mentioned in the special chapters 
later, show that there is no absolutely typical clinical picture ^ 
corresponding to the individual forms of infection. We would, 
however, emphatically atate that relatively characteristic appearances 
are presented — in the aeuse, for example, that diplobacillary conjunc- 
tivitis undoubtedly produces the appearance known as ' ophthalmia 
angularis,' and that pneumococcal conjunctivitis tends, in very many 
cases, to assume the characteristic appearance first described cliniciUIy 
by the author. Similarly a relative preponderance of certain features 
obtains in gonorduca, in diphtheria, and for the Koch-Weeks infection. 
After considering reports chietly dealing with variations, we should 
not conclude that no caueal provisional diagnosis can be made. That 
is not the case. Regarding contagiousness, complications, and pre- 
disposing factors, well marked points of difference c;in be established. 
The final conclusion is — and this is stated on all sides— that clinical , 
diagnosis and microscopical examination must supplement each 
other, and a variable but greater degree of certainty will then ensue 
with regard to etiology, prognosis, prevention, and treatment. A 
glance at the work on epidemic pneumococcal conjunctivitis shows this 
very clearly. The chapters which follow will give further details on 
this point. 

The possibility of giving a provisional diagnosis from the clinical 
appearances varies in difi'erent localities. In places where both 
pneumococcal conjunctivitis and Koch-Weeks infection frequently 
occur considerable restraint must be exercised in thus diagnosing 
cases of acute catarrh : fur there are cases which cannot so be clinically 
differentiated, although even in them, if the whole course and all the 
details of the infection be considered, the experienced observer may 
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note many differentiating points. In many localities, on the other 
hand, only one or the other of these infections occurs, and then the 
probable diagnosis is similarly restricted. For example, in Bostock, 
Breslau, and Marburg I have almost invariably been able to confirm 
the provisional diagnosis of pneumococcal conjunctivitis ; bnt in 
Freiburg, where Koch- Weeks conjunctivitis is common, such uni- 
formity does not occur.^ 

The signs and symptoms of a conjunctivitis depend not only on the 
pathogenic power of the Bacteria, but also on the condition of the 
nidus, for the latter has a very varying disposition towards different 
Bacteria. I do not mean by this the variable opportunity for infec- 
tion, which depends on chance external conditions* — hygiene, indolent 
habits, etc. — but the actual variation in susceptibility. 

Disposition is a factor of very varying influence in infectious 
diseases; but, after extreme views have had time to subside, pure 
bacteriological interpretations always succeed in obtaining recognition 
of their value. That disposition plays an important part in many 
eye infections is self-evident. 

This point, however, deserves special consideration, because many 
surgeons have quite recently raised the objection that the same 
organisms — e.g., diphtheria bacilli and Pueumococci — are met with 
in diseases which are clinically different ; they also occasionally occur 
on the healthy conjunctiva. 

The sharp differentiation previously made between pathogenic and 
non-pathogenic saprophytic organisms has gradually been toned down 
by bacteriologists, as in each natural family many transitional forms, 
obviously developed from the same origin, became known. Many 
Bacteria considered as non-pathogenic and purely saprophytic have 
been shown to cause disease occasionally ; and the pathogenic forms 
can lose their virulence to such a degree that they become neutral, 
just as the other morphological and biological properties of the 
Bacteria can vary. 

Many groups or families have thus been evolved, into which the 
allied varieties are collected, and the problem to decide is. What 
relation do their various members bear to each other ? In ophthalmic 
bacteriology we have problems of this kind to solve. The group of the 
septate Bacteria — ij,, the diphtheria group, the Staphylococcus group, 

L's in 
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the Gram -negative l>i}iluri}rii, the chain -forming cocci {Ki-ttni-hildiirr), 
the Hwinophilesf Koch -Weeks and influenza l^all present this difficulty, 
and I feel that I must explain what facts are available and what 
(juestiona are atill open regarding these particular points. 

When in healthy persons we find organisms otherwise con- 
sidered as pathogenic, we must have either a defective patho- 
genic power in the bacteria or a refractory condition of the 
nidus, or a combination of both in varying proportions. 

To what degree these factors are of importance in the various forms 
of conjunctivitis will be shown in the chapters dealing with them 
in particular. I will, however, give here a general review of the 
question. 

The presence of any bacterium in a healthy tissue does not render 
doubtful its pathogenic significance under favourable circumstances, 
provided that there is otherwise certain evidence of such pathogenicity. 
Just as in a cholera epidemic every one who is attacked by the virus 
does not necessarily become ill, so in the case of conjunctival infec- 
tions. There are refractory individuals and those who only react 
slightly. And as there are infectious diseases which are at one time 
very infectious and at another leas so, as there are abortive and 
severe cases, and persons who are immune after a single attack, we 
must not lay down any hard-and-fast rules when dealing with the 
conjunctiva. 

Gonococci and Koch-Weeks bacilli evidently lose their power of ' 
causing a conjunctivitis, very slowly indeed, and are very independent 
of any disposition. The same is true for the Morax-Axenfeld 
Diplobacillus, but not to the same high degree. 

These organisms, which previously were with exaggeration called 
' unconditionally infectious," are, as a rule, so pathogenic for the con- 
junctiva, that even when only a few individuals are found in the secre- ^ 
tion, the probability is very great that they are causal ; tor, on account 
of their great virulence and the marked susceptibility to them, a very 
small number suffices. 

Occasionally, however, scattered individuals — certainly not large 
numbers — of these organisms may be found on the conjunctiva without 
producing any etTect. That every infection with these organisms does 
not produce the disease is obvious in the case of gonorrhiva, from its 
not infreijuent one-sided character.^ It is well to note that the secre- 
tion very often does not come into actual contact with the other con- 
junctiva because of the Hushing action of the tears; and, further, that 
' Cy. aectioQ on ' Blinnorrhcca.' 
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it is to some extent due to variation in susceptibility and immunity^ 
that the contagion does not always result. 

In the case of the Koch-Weeks bacillus and the DiplobaciUus, though 
there is less secretion, still the catarrh almost always affects the other 
side. There may, perhaps, be a difference in the disposition of the 
two eyes in the same individual. 

, Grocnouw and Meyerhof state that after a gonorrhoea has subsided the conjunctiva 
is immune to the Gonococcus for some time. (This requires further confirmation, 
the other Gram-negative Diplococci being also considered.) 

Plant and Zelewski have found the Diplobacillua a few times on the healthy 
conjunctiva after the sac has been excised. Erdmann and Bymowicz found it, too, 
in normal people. 

Only in very rare cases has the Koch-Weeks bacillus been found in normal cases 
(Plant and v. Zelewski). Meyerliof reports that it can remain dormant in tracho- 
matous cases without causing a catarrh. This and the fact that cases of very mild, 
hardly recognizable Koch- Weeks conjunctivitis do occur, and may produce a virulent 
infection in others, make it not unlikely that this organism may occasionally be 
benign. The actual pathogenic nature of this bacillus is, however, definitely 
established by many positive inoculations, and is naturally not controverted by 
these facts. 

In the case of the Gonocorcus, Koch-Weeks bacillus, and Diplo- 
bacillus, we must assume that they have been introduced by infection 
from without shortly before the affection shows itself, and that only 
exceptionally an organism, though present, may be latent, and then, 
becoming virulent, cause the disease. In dealing with the other 
facultative producers of conjunctivitis, however, this last possibility 
occurs to a far greater extent. In the case of Pneumococd there is 
certainly the possibility of contagion ; we have the evidence of definite 
inoculations, and the occurrence of epidemics to prove this. But, as 
the author first showed, along with this we must also bear in mind 
that, as the result of increased susceptibility or raised virulence, a 
form of self-infection may occur, due to saprophytic Pneumococd 
previously present, and these are common on the normal conjunc- 
tiva. This is probably the explanation of sporadic cases. 

The same may occur with influenza bacilli and Streptococci. It is 
still disputed whether a self-infection can occur in the case of the diph- 
theria bacillus, in the sense that the Bacillus xerosis, that constant 
saprophyte, can change into virulent Loliler's bacilli. When Staphylo- 
cocci are the cause of a conjunctivitis, it is not the method of infection 
from without, but that of self-infection, which is of importance. 

^ l*!inas and Randolph insist that one-sided gunorrha^a in adults is more often right-sided, 
and is due to tlie eye heini; rubbed with the right hand. The disposition here consists 
in the iiu'chauical injury. Von Michel and Hach emphasize the importance of this rubbing 
t»f the eyes. 
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Infection of the conjunctiva from without is caused by direct or 

indirect contact [transference by flies can occur (Welander)], or by 
air transmission. The last method is comparatively rare. The most 
important method of air transmiEsion is by spraying. The causal 
agent, after passing down the nasal duct with the secretion into the 
nose and mouth, or being ab-eady there, is scattered into the air by 
speaking, coughing, or sneezing. This possibility was first advanced 
by Lobanow {A./. 0., IttOO, li., p. 431). Rapid and widespread epi- 
demics may be due to this method. 

The possibility of an air transmission of organisms, either dried or 
adhering to fine particles of dust, depends on the resisting power to 
dryness (desiccation) of the organism in question. The literature on 
this question is collected in the paper by Lobanow already mentioned. 
The results obtained by Germano and M. Neiaser show that, amongbt 
the pathogenic organisms in ophthalmology, the Gonxi-ofrus has a 
very low resistance to drought; Stri-j}t(icoccus and I'lieumncoccus resist 
better, though different sterna vary in this respect, the diphtheria 
organism longer, and Slajilinlocni-cuH still longer. The spore-forming 
organisms, amongst wbich is SublUis, are the most resistant. Gourfein 
states that this last organism is transmitted in dust or earth. Some 
variation occurs in the individual bacteria, according to the method of 
drying : organisms dried up in secretions retain their vitahty longer 
than when dried in pure culture, as is well known in the case of 
Puniiit'ia'cci. We must also differentiate between drying in a very 
fine desiccation, such as could be wafted about in the air of a room, 
and drying up of larger particles which could only be moved about by 
a strong draught. The xerose bacilli, when tested by Lobanow by 
desiccation in the air of a room, were shown not to be able to resist 
such drying, and therefore the term Liift-siabrlii:)i so often used is not 
quite applicable. Further investigation of this subject is required, 
especially with regard to organisms which produce conjunctivitis. 
[This has been done in the case of the J>i]>l'ihm'illiis by Macnab and 
Paul.] 

In general, however, air transmission, as a cause of epidemic con- 
junctivitis, does not play so important a part as does direct or indirect 
contact. 

Under these circumstances the varying influence of pathogenicity 
and disposition is a factor of great importance, especially in the case 
of the facultative producers of conjunctivitis. 

A very inleresting example ifl pneumococciJ infcctioa of the conjuDctiva, wilh its 
peculiar ending, olten by a crisja. Many persons have a eonjonctiva immime to 



124 



BACTERIOLOGY OF THE EYE 



this organiatn, though in other people by contact transferonce it certainly acts ae 
the cause of conjunctivitis. On the one band, a wholo series of positive contact 
intectioas of the hnraan subject can be c|«oted, and, on tht! other hand, are my own 
numerous negative inoculations ; yet these two seta of results are not t^ontradictorj. 
(In this peculiar inFectious disease — and also in pneutnouia — climatic disturbances 
very probably have an influence ; the ' chill,' which at one time seemed to be dis- 
appearing from the medical vocabulary as unmodfirn, appears to again obtain its 
rights.) 

The predisposing factors in the case of the diphtheria bacillus are fully considered 
by Sourdille and Uhthoft', and all the later investigators agree with them. Proved 
inoculations of this organism on man are not avnilablo, but Klorax and Eimassiau 
have obtained a typical membranous conjunctivitis in rabbits by ountlnued instilla- 
tions of diphtheria toxin. It cannot be denied that toxic action is of great import- 
ance in the production of the clinical appearances in many coses of diphtheria, nor, 
in view of these experiments, that of itself it can produce a diphtheria. These 
experiments are important because, using the bacilU themselves, analogous processes 
can only rarely be obtained in animals IHsmke, Papers from the ' Path. Institut,' 
Tubingen, ii., p. 321). A single dose of the bacteria does not cause sufficient develop- 
ment of toxin. The finding of virulent diphtheria bacilli on the healthy or simple 
catarrhal conjunctiva (Pichier, A. von Hippel, Pes, McKee, Voaaius and Wagner, 
Mathiew) does not contradict this, and the last-named authors themselves did not 
consider such findings as negativing pathogenicity. 

In spite of the fact that inoculations on the human subject have not been made, 
we must consider the Streptococci as certainly having the power of producing a 
conjunctivitis in many persons, seeing that, just as in the throat, a necrotic process 
imitiediately follows their presence on the mucous membrane, and also because of 
the very serious results in such cases. The experimental inHanmiation produced 
by Bardelli with pure streptococeol infiltrated tissue is denied by Coppez ; the 
organisms themselves and their endotoxins appenr CKsenlial. 

The enormous frequency of Slaphi/locoeei on the normal conjunctiva, as well aa 
in inflammatory conditions with which they have nothing to do, leaves the patho- 
genic nature of the leas virulent members of this group, at any rale, improved, 
We cannot, however, exclude the possibility that, whore they occur in large numbers, 
ore virulent, and circumstances are favourable to them, tbey may occasionally cause 
a conjunctivitis, especially of the peeudo-membranous form. In this cose, loo, 
caution is necessary, (or when large numbers of virulent cocci have been inoculated 
(Leber, Saltier, and olhcrsj, no catarrh of any consequence was ever obtained. 

We still have only very httle experience about B, coU. There have been no 
definite inoculations, but its occasional action as a cauae of catarrh U made probable 
by the cases recorded by Taylor, .\xenfeld, Bietti, Groenouw, and Cramer, and olao 
by analogies from other mucous membranea. 

There is no definite proof of the power of the intlucn^^a bacillus to produce ton- 
junctivitis ; according to Giarr^ and Ficchi, and Kymowici',. it occurs on the nonnal 
conjunctiva. Inoculations on the human conjunctiva had no result (Luerssen, 
Axenfeld). Seeing, however, that it occurs in large numbers, and without any other 
organism, in the secretions from many conjunctival iaHammations, the tarni 
' infiuenza bacillus conjunctivitis ' is justifiable, especially as it very probably oaji 
cause on inflammatory reaction upon other mucous membranea, particularly in (he 
air passages. 

The same is the case with the Pneumobacilli. We infer that they can prodace 
a catarrh from their severe pathogenic action in other tissues, in the lungs, and in 
the acceaaory naaal cavities. 

Similarly il is very likely, from the most recent work of Micbolski and Oourlein. 
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that B. tublilia can occanoDally cause a oonjunctivitis, although in this case we 
bave no analogies from the other mncouB membranes. Some original traumatism 
seems here necessary, such as the introduction of dost or earth. 



The workinR of dispoaition is well bIiowii by the fact that the 
conjunctival affeetions already mentioned, when occurring in scrofulous 
patients, can produce the clinical appearances known as ' conjunctivitis 
phlyctenuloaa." This fact, which will be more fully considered later, 
is here brought forward because the I'lpl'ilxaiUi often produce and 
maintain a typical phlyctenular conjunctivitis. The examination of 
the secretions in such cases. is of especial value, as the zinc treatment 
of the Dipli'liufllli often terminates the inflammatory condition. In 
this fact, too, we have an important example of how an affected part 
may react in characteristically different ways to the same irritant. 

Disposition, too, is concerned with the fact that different forms of 
conjunctivitis from an epidemiological standpoint are variously dis- 
tributed over the earth's surface. Although the surrounding con- 
ditions have much to do with this, still there are many differences 
which cannot be referred to this fuetor. In the individual chapters 
this question of epidemiology will he further discussed. 

It is doubtful whether race has any influence, and certainly there 
is no proof that such is the case ; only with regard to trachoma is the 
question urged to any extent. 

The condition of general health has an ioHuence, as we see in the 
results of ophthalmia neonatorum. 

How far we can allege an inherited specific immunity of the con- 
junctiva will also be discussed in the special chapters. 

That the conjunctiva partakes in a general immunity is proved in 
the case of the antitoxic immunity for diphtheria. [We know that an 
analogous condition occurs in abrin immunity; there is also a pure 
local abrin immunity of the conjunctiva (Romer)]. The same may 
be presumed in the case of pneumococcal immunity, although it ia 
difficult to prove on account of the uncertain action of Piiriim"riirr:i on 
the conjunctiva! of non-immunized animals. 

Protective bodies for Hoiiofocci can be produced experimentally in 
animals, but we cannot judge how far a similar state of affairs can 
occur in the human conjunctiva. 

We cannot even discuss the question with regard to such organisms 
as Koch-Weeks bacilli or the Ihplihacilli, which are exclusively patho- 
genic tor the conjunctiva. 

Persons who are unaffected by the other pathogenic organisms are 
but slightly indebted to general immunity for their escape ; in those 
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who are affected, however, a more importaut determming factor is the 
influence of some other local irritation, or a lowered tissue resistance 
due to injury. 

Cramer, having extensive material, showed how a pure mechanical lesion of the 
lids at birth had an influence in determining an ophthalmia neonatorum. 

Lobanow infected the conjunctivae of rabbits, under various conditions, with 
Sta2>hylococcu8 2>yog€7ies aureus, Streptococci^ diXudiPneumococci, and demonstrated 
that a more severe inflammation resulted if the lid movements were prevented ; 
the same occurred if the canaliculi were closed or the palpebral fissure narrowed. 
An increase in the secretion of tears had no influence, so that an actual bactericidal 
action of the tears could be excluded. If the epithelium was removed from the 
conjunctiva, then a purulent keratitis resulted. 

Homer proved that the action of various sterile forms of dust (coal dust, grinders' 
dust, dust from wool, from wood, from tobacco, street dust) increased the flora of 
the conjunctiva to a very great degree. From its mechanical, and in the case of 
tobacco its chemical action, the dust produced a hyper teniia and secretion ; twice 
in 100 cases a purulent conjunctivitis resulted, probably owing to the particles 
wounding the epithelium, so that an infection with Stajyhylococci could occur. 

To decide what conditions were necessary for this dust infection, Romer intro- 
duced anthrax bacilli, with spores and dust mixed, into the conjunctival sac. Only a 
few animals contracted an inflammation and general infection. If, however, after 
introducing the material, he rubbed the eye a few times through the closed lids, 
then infection occurred more often. This shows that the conjunctiva can be the 
point of entrance for anthrax. Anthrax spores, when introduced with dust into the 
conjimctival sac, can after seven days be still found there in a virulent condition ; 
it must therefore be presumed that when bacteria are mixed with dust particles 
they are not always washed down the nose, but remain for a considerable time in 
the conjunctival sac. 

These experiments of Romer*s with dust bring out some points of 
importance in the incidence of conjunctivitis in man ; they show how 
very slight injuries and chemical irritation make the conjunctiva sus- 
ceptible. 

In many cases an irritated condition of the surrounding parts pre- 
disposes to the occurrence of an infection. Acute and chronic in- 
flammations of the nose and surrounding parts must here be considered, 
partly because they cause a hypersBmia, with obstruction to the tears, 
and also because the conjunctiva can be infected from the nose ((/. the 
chapter on *Diplobacillary Conjunctivitis,' 'Scrofulous Inflammations,' 
* Trachoma,' * Sac Affections,' etc.; also the article by Gutmann, Deutsche 
Med, Woch,, iy07, S. 845). 

How does infection occur in the human conjunctiva when there is 
no such irritation — ^'.//.,when it is inoculated from a bouillon culture? 
Does the lid pressure drive the bacteria in? Are the pathogenic 
organisms alone taken up by the conjunctiva, which they damage, on 
account of special affinity, or are the others taken up also, but have 
no action? How do the epithelial cells manage to take up the 
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Biicteria ? DoeB their transport occur liy the leucocytes ? Where are 
the organisms during the period of incQbation ? Iti connexion with 
this last query is an interesting and pecuHar fact : After the infection 
of the human conjunctiva witli Iiijilnhnrilli the organisms first dis- 
appear — or, at any rate, are not demonatral)le (Moras, Axenfeld) — and 
again show up on tho third or fourth day, with the onset of the 
inflammation. We know that during the inflammation the causal 
organisms He partly in the epithelial cells. Perhaps this is also the 
case during the incubsition. The reactions of the rabbit's t;oniuni!tiva, 
which is notoriously very seldom the site of an inflammation, will 
presumably never throw light on this ([ueation. 

When an inteetion occurs, and the organisms obtain a hold, they 
develop their toxins. The researches of Morax and Elmussian, which 
have a special theoretical interest, show that the toxins have an 
influence on the special type of conjunctivitis which then develops. 

Thej- continuously iustiUed dead and filtered cultures of orgajiisiiis tor hours into 
theconJQDCtivalsacsof rabbits. As llnnnciuei, Koch-Weeks ha.ei\li, &nd JJiiitnbaeilU 
do not grow on the conjunctival of animals, this method appeared the only way ol 
obtaining in animals results similar to those in man. 

With GoniKiorciia toxin, instilled every two minutes for four to five hours, they 
obtained in twelve hours a severe indammation, which subeided after twenty-four 
honrs. The intensity of the reaction varied with the virulence of the culture. The 
toxin retained this action when heated to 58'' C„ but rapidly lost it at any higher 
temperature. Similar, but shorter, instillations in men had the same effect. 

Moral and Elniassian then tried whether any curative action on trachouin was 
possessed by this toxin ; they found none. 

Dead filtered cultures of DijiUibucUli and Koch-Weeks bacilli had much less 
action, and in their case, too, the irritation began several hours after the instillations 
had ceased. 

The toiin of highly virulent SlapUijlococci acted like that of the Gonococcut. 

Diphtheria toxin produced the most violent reaction. The first irritation showed 
ten to eighteen hours after an instillation ol from six to eight hours; after about 
twenty-four hours of severe indammatory swelling, the first signs of a pseudo- 
membrane occurred. The intensity of the process increased tor forty-eight hours, 
when the t^-pical appearance of a diphtheria was presented ; then gradual subsidence 
occurred, and bealinR in four to five days. A stronger concentration of the toiin 
does not shorten the incubation period or the course of the inti aim nation ; it only 
produces more severe general symptoms. When the epitheUum ia intact, the toxin 
passes in very slowly ; when it is daniaged, the passage is rapid, and a well-marked 
keratitis develops. 

In contrast to these toxins, many other poisons act after single applications — e.g., 
snake venom and abrin. The former acts at once, the abrin only after twelve 
hours' incubation. 

Randolph,' on the contrary, denies that instillations of filtered cultures continued 
up to eight hours will produce an inflammation in the healthy conjunctiva (he 
tested cultures of (lonococcus, Slnphylococcut pyogentt aureiu, filapkyliieoecut 
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cUbtis epidermidis, B, coli, B, diphtheruB, B. xeroHsy Streptococcus pyogenes) ; 
injections into the conjunctiva or anterior chamber, however, will produce a reaction. 
But if an epithelial defect occurs, then the reaction occurs with simple instillations. 
He considered injection under the conjunctiva as a delicate test of toxic action. 

We should not, however, be justified in attributing the positive results of Morax 
and Elmassian to unintentional injuries. More recent investigation by Tschirkowski 
in my laboratory has confirmed Morax and Elmassian*s results completely. 

Valenti^ made the remarkable observations concerning coZt toxin : that a conjuncti- 
vitis followed its subcutaneous injection away from the eye ; eight to ten hours after 
the injection the excretion of the poison from the blood began in the conjunctiva ; the 
organisms previously present on the conjunctiva became more virulent under the 
action of the toxin, and took part in producing a conjunctivitis. Tschirkowski was 
only able to confirm Valenti's results in part {A,f, 0., 1908). 

The iuteresting work of Coppez shows to what extent toxins from 
the conjunctival sac act upon the cornea. 

According to him, diphtheria toxin, even without the action of pyogenic cocci, 
can produce an intense reaction, and destroy the corneal tissues wherever a defect 
in the epithelium occurs. It is also able gradually to loosen the intact corneal 
epithelium. 

Streptococcal toxin has very little action upon the cornea, even if there be an 
epithelial defect. From his own results Coppez considered that the contradictory 
findings of Bardelli were due to the fact that he did not use a filtrate, but a bouiUon 
culture, in which the cocci were killed by some added disinfectant 

Pneumococcal toxin had very little effect, even when there was an epithelial 
defect. 

Coppez did not use staphylococcal toxin. He considered that Solowiew and 
Molodorowsky's results are in need of confirmation. 

From these accounts we can readily appreciate to what extent 
corneal complications, in the various forms of conjunctival infection, 
are due to the action of the toxins alone. The actual entry of the 
bacilli, present as the cause of the conjunctivitis, is the most im- 
portant factor ; their development, however, is more or less assisted 
by the toxins. In this respect all the others are far behind the 
diphtheria toxin. 

The statistical data which we have given show that there is still a 
considerable proportion of conjunctival inflammations which is hav- 
tcrioUujkaUji nviiative^ in which we find nothing, or only those organisms 
to which we cannot attribute any causal significance.- With such 
negative or negligible findings, we may ask whether a traumatic 
or chemico-ph3'sical factor may not be at work (such as mal- 
position, inturned cilia, concrements, the action of dust,^ steam, 

1 Arch, dl Ottal., 1900, viii. 20. 

•^ To attribute a causal si^niticaiice, as Rjiiicloljih docs, to the common i^itaph, albtis and 
Ilwtlltis jxrosis, which arc often found, is not justilial)lc. 
^ The action of grit or caterpillar's hair can produce a kind of conjunctivitis. 
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etc,); or whethei- an irritated condition of neighbouring parta — lide,^ 
etc. — may not be renuting on the conjuuetiva. 
The following possibilities may occnr : 

1. The causiil agent, even though tha disease be due to mieropara- 
eitie contagion, may not be demonstnible by any of our methods. 
This is till now the case in trachoma (conjunctivitis granulosa), as 
well as in a certain number of follicular cases of conjunetivitia which 
are definitely infectious. 

The possibility of some still unknown Bacteria being the cause, 
occurs with greater or less likelihood in other conjunctival inflamma- 
tions — (■<■/.. in spring catarrh (?), some of the scrofulous forms, and 
Parinaud's conjunctivitis. 

But in negative cases, and especially in those numerous sporadic 
cases which are not contagiouB, or appear not to be, we must consider : 

2. The possibility whether, and to what extent, there may be an 
endogenous irritation affecting the mucous membrane. 

At first glance this possibility seems very remote. Can a catarrh of 
a mucous membrane be caused by some detrimental influence, which 
is brought to it by the blood-stream ? 

In bilateral affections, what can localize an infective raiiKit ii'icrmt 
in the conjunctiva? Is not this mode of origin always very hypo- 
thetical and extremely unlikely ; and should we not rather presume, 
in these negative cases, that the cause, though entering from without, 
is not to be detected by our present research methods'? 

Such considerations are very much to the point, and it would be 
quite wrong were we simply to say, in the cases still indeterminate 
bacteriologically, that they are endogenous, just as diseases were 
attributed formerly to a ' chill.' 

On the other hand, we are obliged to admit, aa many do, the possi- 
bility of endogenous conjunctival inflammations, seeing that we 
definitely know of several indubitable endogenous forms. - 

The Danish surgeons Drandes,^ Larsen,* and Bergh,* first drew 
attention to the fact that an eudogenoua gonorrhceal conjunctivitis 

' Suuh n accondary conjanctivitis ia recoidi^d iu a case of molhiscuni coiiCaj^iosum of ths 
lida (Pete™, Elchoig), 

'' KndoKvnaoa JDloctian of ihu conjuuctiva in sevure upau is vory rare, and need nut be 
conaiderad irith rrgard to aoubi coujuoctivitis IW^-iiiiiaDii, A. f. "., I^S8, xxtiv. 251 ; 
Axoufeld, ibiil,. 1804, ivi. i). 

' ' Do Ophthalmia Khoiimatico - gonorrbtiica vt de Fumia ArlhrojAthie Gonorrhoica 
Clirouica' iHauniae, DusertatiDn, 1S50). In this urticle ns lind * veiv good olinicul 
descrijition. 

' -L'ttMlirift for LeeKBr,' 1S61, M. 292. 

' ' BidnK I" KundskalwD om GoDorrv,' Kjobenhar 



r Luiid^igaard in Ciii>enhagaii bas called mj atteutioc to the articles in toulnoU's 
whiuh ai>pe«r to Imve been forgoltrn.) 
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occurs; Fournier^ described it under the name of * conjonctivite 
blennorrhagique spontanee.* 

In this way he defined those cases where a conjunctivitis, usually 
bilateral, occurred simultaneously with the outbreak and recurrence 
of gonorrhoeal rheumatism, where there were severe symptoms and 
very marked conjunctival injection, but not the severe purulent 
character of the common ectogenous gonorrhoea, and almost never 
corneal complications.*- 

Halenhoflf'^ in 1887 published a series of further observations 
under the title of * Gonjonctivite blennorrhagique sans Inoculation/ 
and drew attention to the fact that such cases principally occur in men. 

Van der Straeten ^ pointed out that they could be distinguished from 
the ectogenous blennorrhcta by the absence of the Gonococcus in the 
secretion. 

Morax,^ in his exact bacteriological research into these cases, con- 
firmed this in general. He stated that scattered Gouococci maj" be 
found in such cases (the case of Xobbe is exceptional) ; Parinaud made 
the same observations (cj. Morax), and their results were later con- 
firmed by Van Moll. 

Naturally in a case with Gonococci present the objection can readily 
be taken that it is not a metastasis, but an ectogenous transference of 
infection. 

In the cases of Morax and Van Moll the endogenous nature cannot 
be doubted, as the conjunctivitis was bilateral, began with the joint 
effusion, ended favourably, and recurred in the same way as did the 
rheumatism. 

The recognition of the essential nature of these cases is not hindered 
by the fact that the contents of their secretions vary ; they are 
generally negative {Staphi/Jococci or xerose bacilli), but occasionally 
show Gontu'occiS' 

As Morax and Axenfeld have stated, the absence of Gonococci can 
be explained in the same way as their frequent absence in gonorrhoeal 
joint effusions. The GmuH-occi lie in the tissues and vessel walls of the 
conjunctiva, and can cause an inflammation of the mucous mem- 
brane without themselves occurring on the surface." We must not 

* Gdicttr f^ia llopitdiUf DcceiiiUer, l^SSii. 

- A further coiiimuuicatioii by Riickert foUowed (A'. M. J. A.y 1886). 

'^ A. f. A., 1NS7. 

^ Arch. Mai. Ikhjca, July, 1891. 

^ 'Etiologiu des Conjonctivites Ai«,ait'S * (These th- Paris, 1804, p. (39, and Intemat. 
Oplith. Congress, Utrecht, 1899, discubsion on Van Mc^U). 

•* Such occurrences of GinffiKxi will in future require a differential diagnosis from the 
other Gram-negative iJijiltt^'M-ri. 

• Noble, A/hf. WUn. M&l. Zcit., 1895, No. 33. 
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therefore certainly conclude, from a negative examination for 
G"ii"i-«ci'i, that the infiammatiou ifi due to a pure toxin metastaBia, 
and not to a metastaais of the organisms themselves (though this 
cannot definitely be eschided, certain proof, however, is not yet 
iwailable).' Neither would it be correct to conclude when Slaplii/kuwi-i 
are found in the '/i>;fi>''i •(''-) -free cases that such are mixed infections, 
as Slai'h'il'wi'fvi are very common on the conjunctiva, without having 
any causal significance. 

Further information on metastatic gonorrhceal conjunctivitis is 
given in the papers by Peters and Gieler.- They make the important 
statement that recurrences in the conjunctiva can take place without 
any joint changes. These authors consider that in cases of acute 
conjunctivitis of dubious etiology the possibility of an urethral origin 
should be borne in mind. 

&che£Fe1s and Burchardt stated that a choroido- retinitis could occur 
at the same time. Becker records a swelling of the pinna of the ear 
along with such a conjunctivitis. 

NVicherkiewioz and Bshr record similar obgervaCioiiB, and the latter etatea that 
lie has seen the same thing otcur in other joint diseases. ISnch confinnatioD of 
the occurrence of this endogenous conjunctivitis has been jfiTen in the last few 
,veara that there is now no doubt about its actual occurrence^ (Kaldvovitz, Knapp, 
Lechner, Kurka, etc.}. 

Its frequency and pathogenesis are still, however, a subject of controversy (c/. dig. 
cnsBion in the Wicn. Ophlh. Get., December 6, 190i>, paper by L'Umann ; Z. f. A., 
XV., S. »-2 ; aJso in the Ophth. Soc. of Philadelphia, November 20, 1900, paper by 
Campbell Posey; and Carroll, Ainer. Med. Ass., 1907, Ophtb. Sec. p. Vil). 

Endogenous diaturbaiioes ySchiidlichkeilen) are in question in many eianthf- 
mata [scarlatina, raeasles, etythro melalgia (Hilbert), erythema eiudativuui 
iChailloua. Steffens, Reis), and other diseasas]. The variable n on -characteristic 
lindings in measles makes ua think that probably an endogenous irritation occurs. 

Giarre and Picebi re[)oned having found influenza bacilli on the conjunctiva in 
measles, and once or twice M. Neiasur, Morox, and SchotteliuB similarly found 
large quantities oF Streptococci. In other cases of catarrh during measles the 
usual conjunctivitis orgauisms were present, probably as complications. The 
variety of organism which is present iias naturally an influence on the course of 
the inflrtinmation, but they are generally not its primary cause. 

The further elucidation of these cases of conjunctivitis of obscure etiology must 
therefore take into account the possibility of endosenous tai-tors. I have myself 
observed that toany obscure conjunctivitis cases are either accomi'anied or followed 

' A localized inilBiiimitliou of tlie eye could nut bs induced in rabl)it9 iuto which tlie 
toxins of Staphylococcut or B. ^ijoci/aneiiii hsd been ialroducfd, even wlisn severe XixtX 
irritation or injury was employed fc/. Sliimimura). The contrary findings of Tomatola 
are due to eiiioriniental en'ors iA', M. f. A.. ISOl ; (/. also Valenti, ibid.. 8. 117). 

' Inang. Dissert., bonn, 1897. 

» Cf. aUo Thonier and GreelT. Charili Annalai. 1B04 »nd 1B05, xsviii, and xxix. ; also 
Burnett, Jour. Amor. Med. Asaoc., December 23, 1905; Dcmari*. ATckiivi dt Oft. Hist. 
A'l-er., 1907, vii llti. Metastatic gonurrhical inHaaimations of the Ucrymal gland are 
analogous (^. p. 2S0). 

9—2 
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by a mild iritis, so that at first we have the appearance of an acute conjunciiTitis, 
and during its subsidence the iritis becomes evident. Such a combination sugnpests 
an endogenous irritant, although it is not a certain proof that such is present. 
One is reminded here of the conjunctival irritation of gouty persons. It is not at 
all clear why general infections other than gonorrhceal do not occasionally affect 
the conjunctiva, especially those which involve the joints {cf, Wagenmann, A.f, 0-, 
1897, xliii., 1, S. 83 ; Desmons, ' Conjonctivite Rhumatismale,' T1i^9e de LUlej 1905). 

E. Cohn, in a paper under the direction of C. Friinkel (Halle), furnishes an 
interesting and important observation on the question of endogenous conjanctivitis 
and hsBmatogenous affections of mucous membranes in general — ' Examination of 
a New Form of Hefa Pathogenic for Animals ' {HefOy Klein, Centralbl. /. Bakterio^ 
logic nnd Parasiten, xxxi., 1, Gbt., 1902, No. 16 ; also ibid.^ xxxvi., 1904, p. 869). 
The direct application of Hefa cells either to the nasal or conjunctival mucous 
membrane of rabbits produced no reaction, but after intravenous injection, in two 
to three weeks a bilateral conjunctivitis and rhinitis regularly occurred, which not 
infrequently became purulent. 

Hefa cells were then found in the conjunctival secretion. In a pig eight days 
after intravenous injection an acute purulent conjunctivitis occurred withoat Hefa 
cells in the secretion (E. Cohn could not account for the failure to demonstrate 
them, though it quite corresponds with the state of matters which we have dis- 
cussed in metastatic gonorrhceal conjunctivitis). In a dog conjunctivitis occurred 
with Hefce in the secretion. The buccal membrane remained unaffected, but the 
stomach was often affected. 

In guinea-pigs a conjunctivitis always resulted, but in them it occurred on 
direct inoculation also. 

Stock obtained endogenous tuberculosis of the conjunctiva experimentally. 

An experimental endogenous conjunctivitis has recently been recorded as 
frequently occurring in a general infection of rats and mice with Trifpanasotna 
(Stargardt^). The Trypanoaonns did not pass out into the conjunctival secretion, 
but occurred in large numbers in the tissues of the conjunctiva. 

Finally we must remember Valenti's results (vide supra). He 
reports that he obtained endogenous toxic conjunctivitis, a record 
which was only in part confirmed by Tschirkowski ; the excretion of 
poisons by the conjunctiva and the resulting catarrhal inflammation^ 
however, are well-known phenomena (iodine catarrh,'- etc.). 

^ Bcrliyi. Ophth. Oes. ; K. M. f. A., 1906, ii. ; and 7>r. (hrHddcl. Ophth. Ges., 1906. 
- According to Muck, the combination of the iodine with the sulj)]iur on the coDJunctiva 
is the cause of the irritation [Miinch. Med. JVoch., 1900, pp. 11<58, 1732). 



CHAPTER YI 
THE SPECIAL FORMS OF CONJUNCTIVAL INFECTION 



Undek this heading the following Keetions will he considered 
Section 1. 
Section '2. 



Seciiiik 3. 
Section 



Bection 6. 

Section 7. 
Section H. 



Conjunctivitis due to tho Koch-Weeks Bacillus aud the Influenza. 

BacilluB. 
- DiplobacUlary Conjunctivitis iMorax ■ Axenfeld). Petifa 

Variety of the Diplohacillus. 
■Pneumococcal Conjunctivitia. 
-Pseudo -membranous Conjunctivitis. Diphtheria nnJ Xerose 

Bacilli. Streptococci. Various Organisms. 
.— Gonococci and oihcr Gram -negative Diplococci (Heningacocci. 
Micrococcus Catarrhalis] ocouirin*; on the Conjunctiva. 
Blennorrhiea «-nA Ophthalmia Neonatorum. 
Staphylococcal Conjunctivitis. 
Bare Organisms. 

- Tlie so - called Scrofulous Inflammations t Phlyctenular, 
EczematouB). 
.—Trachoma. Follicular Af ections. 



SECTION 1.— KOCH-WEEKS CONJUNCTIVITIS (INFLUENZA). 
Plate A, Fig 1. 

Historical. 

In the year IhB3, during the cholera epidemic in Alexandria, 
B. Koch for the hrst time examined a series of cases of Egyptian 
ophthalmia. He found that two distinct diseases were referred to 
under this name. In the severe purulent form he found DiplK- 
rnrri, which he Identified as very probably G'liioowci ; in the more 
catarrhal form he regularly found in the pus corpuscles small bacilU, 
which he compared to the fine bacilli of septiciemia in the mouse. 
He was unable to obtain cultivations. 

In 1887 mutually independent papers by Weeks and Kartulis 
appeared. 
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He definitely Etaled that this 
ivith trachouiB, but tva* verjr 
i obtsiii purfl cultures, for hie 
sUo the explAiiation why, in 



III New Yotlt Weeks ohsen'ed an acute oonjunctivitis. varying in inteneity — first 
in a small family epidemic, then in large epidemics — especially in spring and antnnm, 
and in the interval in numerous sporadic canes. In the secretiona he constantly 
found small, fine rods, which tended to lie in the pus cells or else tree in small 
clustera. (His drawings agree exactly with later findings.) Their cultivation 
presented creal difficulties, and Weeks only succeeded in obtaining a growth of 
the small bacilli along with a club-shaped bacillus (so-called B. icroiu) on 0*6 per 
cent, agar ; the mixture could be cultivated to the sixteenth generation. He 
correctly distinRuished the two forma of bacilli in the mixture, and gave corre- 
sponding drawings ; a pure culture was not obtained. In this first paper Weeks' 
findings regarding the conditions of growth are therefore incomplete, and, to some 
extent, inaccurate. He demonstrated the great probability of the pathogenic 
significance of these small bacilli by inoculating on the human conjunctiva the 
club-shaped organism readily grown in pure culture on 1 per cent, agar, and 
also the mixture of the two bacilU. The mixture alone produced a conjunctivitis, 
which in five eases presented the clinical tjpe, and had an incubation of thirty-six 
to forty-eight hours. The infection waa alwa.vs transferred from the inoculated eje 
to the other. He therefore rightly considered the club-shaped bacillus as a casual 
contamination oE the conjunctiva. 

Sartulis (.Mexandrial found the small Eoch bacilli, 
bacillary conjunctivitis had no essential connexion i 
often associated with it. Kartulis obviously did not 
descriptions refer to the unavoidable xerosis. This ii 
five out of six inoculations with his cultures, no result followed. 

In m90 Weeks reported at the International Congress in Berlin that he had now 
obtained pure cultures of the small bacilli and successful inoculations with them. 
He had obtained this bacillus in over 1,()00 cases. In a further communication in 
the year 1895 Weeks again referred to these pure cultures, and concluded from tbo 
drawings that in every particular they were identical with the cultures which Morax 
had obtained in the interval. 

In 1664 Moral furnished a very particular and exjict description of the growth of 
the Koch-Weeks bacillus. From the clinical picture, which he hud studied since 
1B91, he was aware that the intensity of the inflammation can vary. The htlle 
bacilli were absolutely n on -pathogenic for animals, but, on the other hand, Horax 
produced on himself a typical acute conjunctivitis with one drop of a serum bouillon 
culture (third generation) after an incubation of forty-eigbl hours. In a later paper 
Morax states that the colonies are very like those of mlluenza ; and in a still further 
communication Morax and Petit note that the name ConjomiiviU aigiie 
cimtagieime did not correspond merely to that conjunctivitis due to the Koch- Weeks 
bacillus; but, as Axenfeld and Giflbrd had shown, a pneumococcal conjunctivitis 
can also occur in an acute contagions form. 

In the same year (1894) Wilbrand Saenger and Stneblin reported that they hnd 
found the bacillus in an extensive epidemic in Hamburg, freely mixed with 
Di/ihvocfi which resembled (Ictioencvi, but were not decolorized by Gram's stain. 
Id such coses there was a great development of follicles ; this, however, did not 
occur in those cases which only contained the bacilli. With regard to their cultares, 
there were definite variations which made it doubtful whether these authors did 
really obtain pure cultures. A later communication from Wilbrand (discussion on 
Axenfeld's paper, Heiilcl. Oph. GcielL, 1B96) stated that since the great cpidemio 
in Hamburg sporadic cases were continuously being observed. 

Further comprehensive researches were communicated by Weichselbaum and 
Miiller regarding a relatively slight epidemic in Ztersdorf iLower Austria). The 
authors point out the want of agreement among, and even the contradictory state- 
ments of, the earliest workers on the Eoch-Wceks bacillus, and attribute them to the 
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diffieully in obtaining pure cultiirea, ftleo 10 some coiifusioii of the organism with 
the Bacillua icrodi preaent along witli it. (Weichselbauni nnd MilUer, however, 
%o too far in their criticism when they see a contradiction in the tact that Weeks 
never observed corneal oomplioatlona, while Morax did. Such o variation in the 
same disease is quite possible.) Weichselbaum and Miilter obtwned cultures almost 
exclusively with haman serum n^nr, most readily when at the same time a few 
xetose baciUi were present in the culture. 

They obtained a positive inoculation on the human conjunctiva in ten cEises, 
mostly with pure cultures, and thus demonstrated that from apparently mild cases 
a severe result can be produced in other people, and that a kind of latency may 
occur, during which the bacilU lie concealed for a considerable time in an apparently 
healthy person. 

The further examinations made by L. Miiller in E|;ypt are of very great interest, 
especially with regard to trachoma and bis 'trachoma bacillus' [the influenza 
bacillus). He demonstrated anew the morphological similarity of the Koch-Weeka 
bacillus with his own and the inSneuza bacillua, and convinced himaelf of its ' pan- 
demic occurrence.' 

In the extensive epidemic observed by Kamen in 16l>9 at CKernowitz the bacilli, 
of which the author obtained excellent photographs, could be readily grown for 
many generations on media containing human blood. Kamen empbasi^ted their 
close relationship to the influenza bacillua, with which they form a group, 

A thorough investigation was made by Hofmann in the Greifswald clinic. The 
disease, introduced into that district by the Polish labourers, preaented the peculiar 
clinical feature of a chronic course, associated with profuse development of 
follicles. Three inoculations o( the human conjunctiva with a pure culture gave a 
positive result. 

An extensive epidemic was observed by Markus in the elementary schools of 
Bitterfelil ; five ailults were also aflected. The patients, to some extent, showed 
marked follicular overgrowth, and in the early stages phlyctenules regnlorly 
occurred, along with small hiemorrhagea under the conjunctiva, especially the 

Kjmowitseh {Kasau) is very definitely in favour of the complete identity of the 
Koch- Weeks and the intluenza bacillus, an opinion also held by Jundell. The tatter 
observed an acute conjunctivitis in children, with simtJlaneous bronchitis, and 
sometimes t^'pical influenzal temperatures. The organisms in these coses agreed 
exactly with those of influenza, "and, like them, grew well on blood media. Zur 
Nedden had previously found the influenza bacillus, which he rightly distinguished 
from the Koch-Weeks organism. Luerssen obtained a positive result on infecting 
his own conjunctiva with Koch-Weeks bacilli, obtained from a case of trachoma. 
He gave a full comparison with the influenza bacillus (Miiller'a bacillus), and 
proved their separate identity. He found the Koch- Weeks bacillus in the nose, but 
no inflammation occurred in that site. 

Further lesa iiiiportant contributions to the subject will be shortly noted later. 



Geographical Distribution. Epidemiolog-y. 

The preceding biatotieal account showa that Koch-Weeka conjancti- 

vitis is very widespread over the earth- 
It has been demonstrated in Egypt (Koch, Kartulia. L. Miiller, Mornx, Lakah 

and Kouri, Meyerhofi ; in Paleatine (Butler) : in North Italy (Goaporrini); in Siena 

[.(iiarre and Piccbi, Corsini, Cannas); in Paris (Moral, Panas); in Amiens (Page); 

Toulouse (Mallet): in French Switzerland (Gonin); in Brussels (Coppez, Wibo); In 
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Copenhagen (Lundsgaard) ; in Kasan (Rymowitsch) ; in Kiew (Gromakowski); in 
Czernowitz (Kamen) ; in Lemberg (Dudzinski, Dziecnik, Tyagdu lelcarzy 1900, 
No. 8); in Budapest (Scholtz and Vernier); in Germany, Hamburg (Wilbrand, 
Saenger^ Staehlin) ; in Greifswald (Hofmann) ; in Bostock (Axenfeld) ; in Halle 
(Markus); in Bonn and Cologne (Zur Nedden, Saemisch) ; in Freiburg (Axenfeld — 
here comparatively common) ; in Konigsberg (Luerssen) ; in England (Sydney 
Stephenson, Mayou, Juler, Griffith, Thomson); in Scotland, Glasgow (Pollock); in 
Aberdeen (Usher and Fraser); in North America, New York (Weeks, Duane, 
Hastings); in Bridgeport (Dorland-Smith) ; in Chicago (Brown-Pusey) ; in Phila- 
delphia (Veasey, De Schweinitz, Shumway) ; in Montreal (McKee) ; in Cuba 
(Santos Fernandez). We have the report of Elmassian that he found it very 
frequently in Paraguay. Subow found it in Transcaspian Asia ; and, according to 
De Haan, it occurs also in Java ; McDill and Berry found it in the Philippines, 
and Perry and Castellani in Ceylon. 

There is no doubt that this infection would be found in many other 
places if carefully looked for ; perhaps no land or climate is free 
from it. 

It would, however, be a mistake to consider it as equally distributed 
everywhere. 

There arc many trustworthy observations available, in which, in spite of numerous 
and expert examinations^ of large numbers of inflamed conjunctivse, the Koch- 
Weeks bacillus, during long periods of time, was never found. Gififord (Nebraska, 
U.S.A.), who found pneumococcal conjunctivitis very often, definitely states that, in 
his district as opposed to New York, the Koch- Weeks bacillus did not occur. 
Brown-Pusey reports the same in Chicago. Veasey in Philadelphia found Pneumo- 
cocci in abundance, and Koch-Weeks bacilli much more rarely. Lundsgaard 
reports similarly from Copenhagen. Axenfeld never found it in Marburg and 
Breslau, and only sporadically in Bostock in Polish immigrants, though pneumo- 
coccal conjunctivitis was common. Hanke only found it exceptionally in Vienna . 
Bach and Neumann similarly in Wurzburg. 

We see, then, that in the localities where Koch- Weeks conjunctivitis is observed 
its frequency varies very much ; after a temporary epidemic period, in spite of its 
contagiousness, it can remain for a long time in abeyance [e,g., in Hamburg), while 
in other localities it is endemic, with a constant even frequency (e.g.^ in Freiburg, 
where it has never yet been epidemic). We must therefore conclude that its 
spread, like that of other infectious diseases, depends on particular climatic or 
other specially predisposing circumstances which have not yet been definitely 
determined.'- There are also some striking difierences recorded. In one place 
(e.g., Freiburg) the Koch-Weeks bacillus only causes a very small proportion of the 
total number of acute conjunctivitis cases, while in other places they are so very 
commonly associated with this clinical appearance that they were at first designated 
as the cause of acute contagious conjunctivitis: such is the case in Paris and New 
York. In Ghisgow (Pollock) in 2B6 cases of acute conjunctivitis 177 were due to 
Koch- Weeks bacillus. The same is the case in Aberdeen (Usher and Fraser). 

^ It should be noted that the Kocli-AVecks bacillus is just one of those organisms 
which the beginner is liable to overlook if they are not i)lentiful and well stained in light 
fills. Ditlusely stained ju-eparations must ho very carefully examined. Rejjarding the 
observers ({uoted above, we can conclude that they were familiar with the Koch- Weeks 
bacillus. 

- See Axenfeld, ' Ergebnissc'; Lubarsch-Ostertag, ' Bakteriologie des Auges.' 
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According to the olJer accounts, the frequency of this catarrh in 
Egypt appears to increase in summer ; the trachoma, wliich was very 
freijiiently also present, iiecauie more catarrhal. These exacerbations 
were asaociated with the hifjh Nile. The large numbers of flies then 
present, perhaps, spread the infection more readily (L. Mulier, Lakah, 
and Kbouri). Lakah and Khouri decided that the maximum of the 
Koch-Weeks infection is in the months of May and June (for gonorrhtea 
of the conjunctiva from July to October). This has recently been eon- 
firmed by Meyerhot. The maximum, therefore, begins, in the case of 
Koch-Weeks, before the rise of the Nile. The increase especially 
affects children ; therefore it is not merely due to the temperature; 
Perhaps the infective material may remain longer virulent in the warm 
air. L. Mulier attributed the increase to the greater moistness of the 
air: there is some slight correspondence between the two conditions. 

We cannot yet definitely say which of all theae circumstances is 
determinative. The freijuency of corneal complications in Koch-Weeks 
conjunctivitis was greatest in the months of May and June. Meyerhot 
recently stated that the actual temperature, not the moistuess, sun, or 
dust, is the important factor, and that the Koch-Weeka conjunctivitis 
first becomes epidemic when the noonday temperature reaches 18° R. 
(72-.5 F.). 

Weeks records an increased frequency for New York in spring and 
autumn. Moras, after years of observation, could not find tor Paris 
any seasonal variation. Chills which appear to favour a pneumo- 
coccal conjunctivitis appear to have no such influence on Koch-W'eeks 
conjunctivitis. (There are no grounds for the assertion that the 
epidemic spread of this form of conjuoctivitis runs parallel with the 
spread of epidemic influenza. The records of Koch-Weeks conjuncti- 
vitis in Egypt, which is widespread, and still unchanged in frequency, 
date from a time previous to the last wave of influenza. This is a 
fact opposed to the identity of the Koch-Weeks and influenza bacilli.) 

Clinical Appearances. 

Descriptions, especially those of experimental inoculations on the 
healthy human conjunctiva (Weeks, Morax, Weichselbaum, Miiller, 
Hofmann, Luerssen), agree that the incubation period is relatively 
short. The time is given by Weeks and Morax as thirty-sis to forty- 
eight hours; Weichselbaum and Mulier generally observed the same 
interval : Hofmann found symptoms twelve hours after inoculation, 
and in twenty-four hours the full clinical phenomena ; Luerssen 
found flakes of pus in four hours, and in twelve hours a profuse 
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thick purulent secretion. Within a few dnyn after the inflammatory 
symptom 8 commence they reach their maximum. 

The lid' redden along their margins, are sligbtly swollen, and stick together in 
the morning ; but. except rarely in very tievere cases,' they can be spontaneoaaly 
opened. A muco-puruleni secretion collects on the margins and HDglea of the lids, 
and is profusely discharged, mixed with tears. The secretion of the meibomian 
glands is often markedly increased (Bishop Harinan, Pollock). There is often 
photophobia ; the eyes are hot and painful. In bad cases severe circuroorbitol pain 
and headache may occur. In the early stages of very severe cases Moras observed 
pain in the upper jan', and a painful swelling of the pre-auricnlar gland. There is 
weU-marked redness of the eofjUTiclina palpebrarum, which is distinctly swollen, 
and generally appears smooth and shiny. Not infrequently slight pseudo- membranes 
form (when they occur in the 'fnrme suraigiie ' they may be well marked). The 
development of follicles does not occur in inoculation cases. When follicles are 
found in large numbers a mixed infection may be presumed (Wilbrand. Saenger, 
Staehlin. Pollock). JMarkus and Gromakowski consider that in cases which begin 
Bubacutely, or continue chronically, the follicles are partly caused by the Koch 
Weeks bacillua. In Egypt and in trachomatous countries we often find a granuli 
conjunctivitis along with the Koch-Weeks catarrh (Kartulis, Miiller, Moras, 
Luerssen, etc.). In the same way scars are seen. 

The conjiineliva biilbi is very red : in severe cases this redness is intense, 
times with a bluish tint, and at the height of the disease there is slight chemoeis. 
Miiller states that the conjunctiva bulbi is mainly affected, and has n characteristic 
bluish tint. Sometimes (in Markus' epidemic very often) we lind small hsmor- 
rhages in it : these are commonest in the upper part ; according to Stephenson 
more often in adults than in children. Morax considers these hajiuorrhagea 
characteristic, but they can occur in pneumococcal conjunctivitis. .\t the limbua 
conjunctiva; sinall cloudy vesicles often form. Morax distinguishes these from true 
phlyctenules in that they are (rue vesicles filled with Huid, and not nodules of 
leucocytes, like true phlyctenules. In Egypt L. Miiller saw phlyctenules only in 
scrofulous children. 

In the several members of a family infected from the same source the symptoms 
may vary considerably in severity, and in children especially they are often 
much milder than in adults. I have often found, for example, the father with 
a very severe conjunctivitis and the children with a mild catarrh, but all showing 
large numbers of Koch- Weeks bacilli. 

Infiltrates sometimes form in the cornea, near the margin or else centrally, and 
not infrequently more severe ulceration may develop (Morax and Petit, Shumway, 
Meyerhof, Terlinck). Severe corneal complications are relatively 
adults than in children (Morax, Meyerhof). They occur in the first few days of the 
disease. 

The acute cases of moderate severity usnally last two to four weeks ; 
for the appearance of a severe conjunctivitis to remain for months. The duration 
depends very much on the treatment. Untreated, the condition can be so prolonged 
that, as Hofmann and Markus have recorded, a considerable papillary hypertrophy 
of the conjunctiva remains, especially iu the upper fornix, in the 
the bacilli seem to linger. After a Jong continuance the discharge and the inflam- 
matory reaction abate, and the appearance of a moderate chronic conjunotivitia 
develops ; these cases are liable to recurrence, and are capable of infecting other 

' L. Millter I'oasiders the cases 
to this class. Thiers ia, however, i 
with Koch- Weeks oonjunctivitis. 
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people. Reeurrencea very often <1o take pine? and at short mtervnls (Morax, Usher 
and Fraser, Me^erhof). 

Although slight tHses often heat rRpidly, iheir duration is not necessarily less 
than ihnt of the severs ones. 

According to L. Jliiller, there is ft tendency in Ei;ypt (or the catarrh to be less 



■a (Mes^erhof contends that sueli is not 

n trachoma). In adults generally the 

>n states that in adults tlicre is a ten- 

nvolved, and to be hu-morrhagio. In 

very like that of a blennorrhita, 

ea. however, is rarely involved to 

vered with a psevido-membrane, 



n those adults who have trachoma b< 
the case when gonorrhcea is superimposed o 
catarrh is milder in type. Sydney Stephensi 
dency for the conjunctiva buibi to be more i 
very severe oases at first the appearance ii 
although no Goiioi-ci'vci are present; the con 
a severe extent. The conjunctiva may becomi 
and the pre-auricular gland be greatly swollen. Peripheral corneal i: 
in the severe but infrequent membranous cases, and it is io this class that L. Miiller 
would put the Egyptian ' corijoncfivile Biiraigui'.' The corneal complications are 
not necessarily due to mixed infections, as Weeks formerly thought, but can bo 
caused by the Koch-Weeki bacillus. Morax once recorded the eimultanBOUs 
outbreak of a hfr/ici gutter front^itin. 

The disease lirst affects one eye, but alinoxt always becontes double-sided, unless 
prevented by treatment. 

The general health is only disturbed in very severe cases from pain and sleepless- 
ness. Fever symptoms and such-like have not been described. A slight cold in 
tliB head occurs during the affection, but the deeper parts of the naso-pharynx are 
not affected iMorax]. 



The Examination of the Secretions. 

The very fiue, slender hacilii are found, often in large numbevs, 
during the onset and at the maximum of the affection : they can be 
seen, too, in the chronic cases. The organisms lie in and between 
the leucocytes. Of these latter, the large polynuclear predominate, in 
contrast with the rarer large or small mononuclear, and the very rare 
eosinophile and basophile cells (Mayou). When the bacilli are free 
they tend to lie in clusters, but are al^o commonly found singly. The 
phagocytes generally occur in large numbers, and we often see in each 
lield numerous cells which are ]]acked full of bacilli. 

The bacilli resemble those of mouse septicir^tnia, and to some extent 
too, those of influenza. They are, however, longer and thinner than 
the latter. Their length varies : some are not much more than 0'.5 
to 1 ^ long; others are longer, up to 2 fj.. The latter resemble long 
filaments. The short bacilli tend to occur in pairs, and even form 
short chains ; sometimes there is a suspicion of polar staining. The 
ends of the rods are slightly rounded- The breadth of the bacilli is 
very constant; they are extremely slender. Their relative positions 
with regard to each other vary. 

The bacilli completely and rapidly decolorize in Gram's stain. They 
stain best with very dilute carbol fuehsin {ten minutes), Nicolle's 
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carbol thionin, or wai-m Lofiiers methjlene blue, but as a general rule 
do not take mi any stain very intensely, With safrauin, which is often 
used as a counter ■ stain, 
they only stain feebly. 

In a smea^r preparation as 
a rule only Kooh - Weeks 
hacilii are seen, or at moat 
a few cocci or other bacilli 
(especially xerosis) nlso. Of 
course, it is presumed that 
material is not taken dur- 
ing the Bubsidence of the 
disease, when the sapro- 
phytes again become 
prominent. 

The apparent contradic- 
tion between the absence of 
B. .irnmin in the smear and 
its almost invariable pre- 
sence in the culiures, not in- 
frequently with some Staph i/lomcri also, is due to the tact that, although 
iu small numbers, it grows much more rapidly, and so becomes pro- 
minent in the cultures. 
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Mixed intectiona due to the Koch-Weeka bacillus, with <:i'iMairi_-i 
Piiriiiiiiii-K'-rl, or Itijiliibarilli, are not common according to general 
experience. No specially characteristic clinical features have been 
noted in such cases, except in the ease of the complication with 
Ronorihcta observed so often in Egj-pt. Meyerhot on one occasion 
found diphtheria bacilli along with them, and after the Koch-Weeka 
bacillus had disappeared these otliers caused the formation of a slight 
pseudo-membrane. Morax reports a Koch-Weeka infection aa super- 
added to the exanthematoiis irritation of the conjunctiva in an epidemic 
of measles. The Koch-Weeks batillua has a great tendency to occur 
in trachomatous cases, when it presents the deceptive clinical appear- 
ances of acute trachoma. In the epidemic recorded by Wilbrand, 
Saenger, and Staehlin, the Koch-Weeka bacillus had often associated 
with it I'xeiiili'-'jciniroiri — i.i:, Hiplooicri belonging to the group of the 
Stiij}li!iltirorii. These are the very cases which various authors state 
to be associated with follicle formation, and they call to mind the 
follicular epidemic of Michel and Sattler. 

When the secretion diminishes, the specific bacilli rapidly disappear. 
They may, however, remain latent for a long time when the powers of 
resistance are low (Morax, Hotmann, Meyerhot). 

Concerning the vitality of the bacilli in the secretion, aee under 
heading ' Contagion,' p. 145. , 

Cultures. 

The Koch-Weeks bacillus will only grow at brood temperature. Of 
all the ordinary media the only one which is even occasionally suc- 
cessful is very moist peptone agar (0"5 per cent.) of low alkalinity, and 
then only when plenty of the secretion is taken. Only very few 
investigators have thus succeeded in obtaining one generation (Morax 
once obtained three), and prolonged cultivation is quite impossible- 
Morax definitely states that cultures are only successful when very 
virulent organisms are obtained from severe inflammations. Weich- 
selbaum and Miiller did not allow of the identity of the organisms 
which they had cultivated with those of Morax, because they could 
not obtain growth on simple agar; but Moras correctly pointed out 
that their cases had been much milder. 

Generally speaking, some specially prepared medium is necessary. 

Moral. WdcbBelbnuin, and Mikller found \Venbci]ii's eeruiu agar beet tnddition 
ut asoitic, ovftrial cystic, or hj'droetle riuid, ete.l. On sucb medin Moras obtained 
100 genefBtioDB : Usher and Fisher obioined 5(1. Hofmann found WEissermaun'a 
pig's serum nutroEe agar useful ; Inter, he used a mixture of 2 parts weak glyoerioe 
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B agar' and 1 part of ascitic fluid, containing sbeep'e or human blood in tho 
proportion of 1 to 2. Hofmann could not obtain cultures on simple agar with human 
blood added. 

Eamen and Markus obtained very good results with PfeilTer'e blood media 
(human blood), on which they were able to grow the bacilli witb certainty and for 
many generations. They did not use pure serum agar. 

Weichsolbftum ond Mitllor at iirat stated that the Koch-Weelia bacillus would 
only grow on serum agar ; later they obtained cultures on blood media from 

vhat in regurd to culture pecuIiaritieB. 

and severe, coasiderably more so than 
those of the epidemic observed by 
Weichselbaum and Miiller, or Hof- 
mann'a cases. The media and the 
blood used are not always the same. 
Cousidering all the records together, 
ive find that the Koch- Weeks bacillus 
yrowa beat on eerum agar or in 
soruin bouillon, but that it can be 
grown on blood media, though this 
luethod is not so certain in all 
epidemics. Regarding its relation- 
ship to the inHuen^a bacillus, it 
should be noted that hunaan (not 
pigeon's I blood only should be 

Luerasen reported, however, that 
lie had succeeded in growing a straiu 
of Koeh-Weeks beyond the fiftieth 
generation on pigeon's -blood agar, 
and that without any assisting 
organism being present. He con- 
sidered the Koch-Weeks bacillus as 
one of the Hieniophile group, and 
put it in the same class with the influenKn bacillus, although quite distinct from that 
organism. Zur Nedden considers that the human serum which is obtained with 
the blood makes the cultures possible. 
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Blood A has (Kauen)- 
The larf,'e colunies arn Staphi/lMm 



The bacilli are rarely obtained in pure culture ; they an 
accompanied by xerose bacilli, and often by ft few Stujiht/I' 
has been stated by Rymowitsch, Usher and Fraser, and 
myself determined, the simultaneous presence in the cultures 
bacilli, of diphtheria bacilli, or of SUiphiih-vw-i-i, favours thi 
of the Koch-Weeks bacillus.- Weichselbaum and MitUi 
the same was true for the so-called ' Lutt-keime ' (following 
of Grassberger in so naming the staphylococcal group). U 
Fraaer found that growth was favoured by the presence of 
bacillus, and that Btems of the Koch-Weeks, which could not 
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eultivated directly, eouid be grown in symbiosia with suitable 
organisms, and then might even continue to grow alone. 

It is not abBolutely ueceBsary, in order to obtain cultures, that such 
other organisms be present : for, in case of severe infections with very 
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Ascites Ahak CULTruE. 
X 1.000. 
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vigorous bacilli, pure cultures 
can readily be grown and pro- 
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Atter twenty-four to forty- 
eight hoiirg, the colonies of 
Koch-Weeks bacilli can be 
recognized as moist, trans- 
parent, refractile points or 
drops. When their surface is 
focussed under a low magni- 
fication, they look like small 
air-bubbles ; when their mar- 
gins are sharply focussed, they 
a.ppear round. They lie loosely 
on the surface of the medium, 
and can readily be removed. 
At first they resemble colonies 
of infiiienza; like these, they 
appear regular in contour and 
homogeneous in consistency when under the loupe. Under greater 
magnification (xSO) a fine stippling, reaching out to the margin,' 

IT, tliiB lino grsniUation is a point al dill'erptiliatiou (roM liif, ur 
ilhis. LucrHBtn atatei Ihat saeli is not alwoys the case, as iha 
iietilncs show liuelj gronular I'olonieJ 
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can be seen in the colonies. They have no great tendency to coalesce. 
According to Zur Nedden, they are not so sharply bordered as are the 
influenza colonies, and more rapidly become lost to sight on the 
medium. When isolated colonies occur, especially if such be near to 
any of the other organisms we have mentioned, their contour may be 
slightly wavy and their appearance more opaque and granular ; a 
yellowish colour may sometimes be noticed. 

In serum bouillon, and also blood bouillon, a faint diffuse cloudiness 
occurs, which later sinks as a deposit to the bottom of the tube. 

Morphologry. — The bacilli in cultures, as in the secretion, appear to 
be very slender and of varying length. Long filaments are often 
seen, sometimes long, coiled, involution forms, of somewhat greater 
thickness. 

Morax recorded these ; Hofmann found them very plentifully in old 
colonies ; Weichselbaum, Miiller, and Kamen also describe them ; and 
I have often seen them myself. The ends of the long forms are some- 
times slightly thickened ; these, however, should not be confused with 
the xeros'^ bacilli, which are much thicker, and besides, are stained 
positively by Gram (see Figs. 15, 16, 17). 

The bacilli are non - motile ; they decolorize rapidly with Gram ; 
they are aerobic. 

Resistance of Cultures.— The bacilli rapidly die in cultures ; after 
five days, and often much less, they can no longer be propagated. 
Growth ceases at 20° C, but, if kept moist, they remain alive for sixty 
hours. After heating for ten minutes to 50° C, some of the bacilli still 
remain alive, but they can only withstand a temperature of 60^ C. for 
one to two minutes. Weichselbaum and Miiller found their cultures 
dead after fifteen minutes at 60° C. 

Hofmann satisfied himself that the bacilli were not killed by an 
hour and a half at 70° C. He considered it possible that, under favour- 
able circumstances, the organisms could remain alive for a longer 
time outside the body. In liquid human serum at brood temperatures 
they live for six days. 

Half an hour's exposure to the sun's rays did not kill the bacilli in 
culture when kept at 48° C, but after two and a half hours they were 
no longer alive. 

Contag'ion. Prophylaxis. 

Wilbrand, Saenger, and Staehlin considered that transference by the 
air must be presumed to explain the extraordinarily rapid spread of 
the epidemic which they studied. 
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The reaenrches ot Weichfielbaum and Miiller do not favour the view 
that the Koch-Weeka Ijaoillua ia transferred in the dried condition. 
Theae anthors introduced flakes ot Becretion into dry Petri diahea. In 
six and a half hours the secretion could no longer be cultivated. The 
secretion from a newly-affected child, after being dried tor eight hours, 
produced no infection when introduced into the healthy human con- 
junctiva, though the fresh moist secretion did so. Further experiment 
showed that no living bacilli could be found in the secretion when 
completely dried. Hofmann found that after three hours in a dry Petri 
dish at 20° C. the bacilli in the exudation masses were quite dead. 
Under theae uirciimatances, therefore, Koch-AVeeks bacilli must be 
held to be incapable of resisting dryness. 

There is, however, another mode ot contagion in which the air 
plays a part, which, however, has till now been neglected.' Infected 
material, in the case ot such a catarrhal secretion, may pass down into 
the nose and also into the mouth ; this more readily occurs through 
the nasal duct on account ot the simultaneous cold in the head and 
lacrymation. It is not unhkely that a spray infection {Trdjiulim- 
n-isti'iubiiiiii, Fliigge) may occur, and thus reach other eyes by means 
ot the ah'.' I have found rHjihiucilli in the angles of the mouth in 
diplobaeillary conjunctivitis (see Lobanow, ,-(. /. O., li,, 18fl8), and a 
similar condition would occur more readily in the Koch - Weeks 
catarrh, with ita much more proluse discharge. (In connexion with 
the relationship of the Koch-Weeks to the influenza bacillus, it ahould 
be noticed that the latter also stands drynesa very badly, but in a 
moist condition reaiat:^ longer.) 

Transference generally occurs by contact, by an immediate or 
mediate transference of the secretion. After fifteen minutes Miilier 
and Weichselbaum could not obtain cultures from tap water into 
which a pure culture had been introduced, and similarly Hofmann 
showed that particles of secretion, after three hours in either distilled 
or tap water at 20° C. were no longer infectious. If kept in the 
incubator, even after this interval they were infectious : and living 
bacilli were found in normal saline at "20" C. after seven hours. When 
simply laid in a moist chamber, the bacilli in flakes of exudation 
remained alive for eighteen hours. 

We muHt consider that water can act for a short time as the 
medium of contagion; on moist linen, etc., masses ot secretion can 
remain infectious for a much longer time. In Egypt Koch em- 

' Muamgococcal CoDJimctiviCis,' mentiona tliit posd- 
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phasized the oft-repeated possibility that flies, which are very 
numerous there, may assist in the widespread infection. 

As is shown by the work of Morax, Weichselbaum, Muller, and 
Hofmann, we must also emphasize that the chronic forms, with their 
slight and readily overlooked inflammatory symptoms, can serve to 
spread the affection for months. The subsidence and reappearance 
of epidemics can thus be explained.^ Meyerhof similarly speaks of 
chronic infection with acute exacerbations. 

Regarding the pathological anatomy of such cases, Morax and Mayou 
found widespread mucous degeneration of the epithelium and infiltra- 
tion of the mucosa, at first with polynuclear cells especially, later 
with lymphocytes and plasma cells. 

(Pro2)hyla,riH directed against the Koch-Weeks bacillus takes the 
form of cleanliness, and careful avoidance of direct or indirect con- 
tamination with the secretion. Severe cases should be isolated. 
Schools should be closed when they contain many severe cases. In 
all cases those affected should be excluded. 

The most valuable treatment consists in the use of 1 to 2 per cent, 
argenti nitras solution. Zinc, which is so useful in other infections, 
especially the diplobacillary, is not much use in these cases. 

Thorough treatment of cases tending to become chronic is im- 
portant.) 

Pathogrenicity. Disposition. 

Morax, Hofmann, Weichselbaum, and Muller carried out experi- 
mental inoculations, and found that the Koch-Weeks bacillus had no 
action on animals. Monkeys, dogs, rabbits, guinea-pigs, rats, mice, 
fowls, pigeons, calves, and young pigs proved refractory to all kinds 
of subcutaneous injections and conjunctival infections. Even after a 
condition of severe irritation had been produced in the conjunctiva, 
as was done by Morax with jequirity to supply a disposition, no 
bacterial action on the conjunctiva could be produced. At the site 
of infection no organisms could be found after twenty-four hours. 
Kamen alone once obtained a transient inflammation after inoculating 
a rabbit with some of the pus. 

The bacilli, at any rate, cannot grow in the bodies of animals. 
Rymowitsch attributes to them a toxic power similar to that of 
influenza bacilli, which in large doses have a toxic action. 

The human conjunctiva, on the contrary, is very susceptible to 

^ Note that the same occurs in the case of iiithicnza. Biiiimlcr, Pfriirer, AVassemiaun, 
Clemens, Parsons, and others, have dcmonstrnted this long persistence, and attribute fresh 
outbreaks of the epidemic to it. 
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them. The contagiousness is so very great that every oDe of the 
fifteen inoculationa which have so far been made, and mostly with 
pure cultures, have caused the disease (Morax, Weeks, Weichsel- 
l)auni, MUller, Hofmann, and Luerssen). HoEmana obtained this 
result wilh cultures 110 to 120 hours old. Only once did Miiller fail 
to obtain a positive result on inoculating his o%¥n conjunctiva with an 
attenuated virus (how reduced was not stated). Even in Weeks' six 
inoculations with mixed cultures five were positive. 

An almost invariable susceptibility therefore appears to exist. 
Koch-Weeks conjunctivitis is to be classed with the moat contagious 
infectious diseases which we know of. The course of these arti- 
ficially induced infiammatione and the findings in their secretions 
<iuite correspond to those of the original affection from which the 
material was obtained. By continuous instillations tor several hours 
of a sterilized (heated to .'JH^ C.) or of a filtered culture, Morax and 
Eimassian obtained a transient catarrh of the human conjunctiva. 
The filtered cultures had less action. The toxin, therefore, mostly 
lies in the bacilli (the same is true for influenza bacilli — Kolle and 
Delius). • 

After an attack immunity only occurs to a limited extent. Morax 
and Petit, L. Miiller, Usher, and Fraser have several times observed 
repeated attacks in the same individual within a short period of time. 
Weichselbaum and Muiler inoculated an individual four weeks after 
recovery from a former inoculation conjunctivitis, and again got a 
positive result. In spite of this, we cannot exclude the possibility of 
some degree of immunity after an attack,' and, further, such a sup- 
position most readily accounts for the subsidence of an epidemic. 
The continued presence of virulent organisms on a practically healthy 
conjunctiva for a long time after the inflammatory reaction has ceased 
also favours this view. L. Muiler reported a case favouring the per- 
sistent presence of Koch-Weeks bacilli on the healthy conjunctiva 
after an inflammation had subsided, and several months of perfect 
health had ensued ; no reinfection could have occurred in the case, 
and he considered it due to a relapse. 

Muiler also quotes that in himself an attenuated virus produced no 
conjunctivitis, but that it caused a conjunctivitis of only one day's 
duration in another individual. 

That susceptibility varies is shown by the fact that a very slight 

' For the related itiseasi- iuUupnu such a conditiou i 
WasBiTiiiiiiin, Clenicni, ranoos, etc.). titbough it csuuut 
and DwDit;!). 
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conjanetivitis may be eaased by infection from a very severe case, 
and riVv r^rm (Morax, Morax and Petit, Weeks, Hofmann). Some of 
Morax and Petit^s cases showed very slight clinical changes. It is, 
however, quite exceptional for virulent material of this kind to prodace 
no conjunctivitis when inoculated on the conjunctiva. 

In this connexion L. Miiller's experience must be noted: a cica* 
tricial conjunctiva often reacts less intensely to the Koch-Weeks 
bacillus. 

Meyerhof has made the same statement to me in a letter. In winter 
he found the bacilli in cases with a clinically normal conjunctiva, 
and when the weather became warmer these developed a typical 
conjunctivitis. In trachomatous patients who at the moment had 
no conjunctival catarrh, the condition more often remained as it was. 



Differential Diagnosis. 

The recent identification by Pes of the Koch- Weeks bacillus with the 
diphtheria group, and particularly the Barilhia xerosis, requires no 
refutation, as for anyone acquainted with the two organisms a single 
glance at the peculiarities of the Koch- Weeks organism is sufficient to 
show that such an identification is quite erroneous. The peculiarity 
that the Bacillus xerosis, belonging to the diphtheria group, has a special 
predilection for growth in culture with the Koch-Weeks bacillus, is 
responsible for this mistake, as it was for the inability of the earlier 
investigators to obtain pure cultures. To-day the two forms can be 
separated with ease and certainty. In a smear preparation such a 
confusion is impossible, especially when Gram's stain is used. 

Kruee (* Die Mikroorganismen,* — Fliigge, 181)6, ii. 441) reported 
that Kartulis had cultivated from the conjunctiva a bacillus of similar 
morphological characters, but of more profuse and yellow growth. 
This organism at first liquefied gelatine ; later, however, on stab 
culture, gave the * nail ' growth. It also grew on potatoes. Kruse 
named it BucHIvh pHnuhp-conjuuctivitidiH. In Kruse's Hift/ieiK Inatitut 
Ibrahim and Fuad obtained cultures of two similar organisms from 
the air; these they named BacHhoi curis minutiHsimn.s and Bacillus 
aureus minutissimus. All three decolorized with Gram's stain. 

These are quite isolated findings, which have never occurred in the 
enormous number of examinations which have been made of the 
secretions in Koch- Weeks conjunctivitis; they are, therefore, of no 
practical importance in differential diagnosis. Nor will the Koch- 
Weeks bacillus be confused with any other organism causing con- 
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jnnctivitiB in man by anyone who has experience with it' (n- B. 
i<'Hnau.e. rhir hi/ra). 

Ii3 appeamnce, combined with its reaction to Gram's stain, is quite 
characteriatic, and Jiindell is incorrect in warning against giving a 
diagnosis from the smear preparation. He did so because in several 
cases where such an appearance was presented no such Bacteria could 
be found in a blood-agar culture, BmiUiin .vmnix and cocci resembling 
Piicii)ii"aicri alone growing. He waa incorrect, because the use of 
Gram's stain would have absolutely excluded any confueion with these 
organisms in the smear. The literature also teaches us that the Koch- 
Weeks bacilli often fail to grow on media made from animals' blood. 
The smear preparation in these cases often gives more information 
than the cultures. The one and only organism with which there is a 
similarity is the influenza bacillus, and the morphologically and 
biologically similar L. Miiller's bacillus. 

What is the relation, then, of the Koch-Weeka bacilhis to the in- 
fluenza bacillus (I'feiffer), and with the Midler's bacillus which ia 
practically identical ? 

Is it identical with them, so that the conjunctivitis can be called 
' intiuenza bacillus conjunctivitis,' as has been lately proposed by 
Jundell, Smitt, Rymowitsch, Giarre, and Picchi ? 

In reviewing this question we must first establish that in fact there 
is a conjunctivitis with an organism present which in every particular 
agrees with Pfeififer's bacillus. 

The Bacillus Influenzae (PfeilTer). 
(Plate I., Fm. 2, «-./.) 

Morphology and Cnltare. — Very small rods, sltnder, with rounded ends, with- 
out spore formKtiou, almost like cocci, and shorter than the Koch- Weeks bacillus 
which more resembles the bncilluB of mouse aeptioE'mia ; they He siugly or in pairs, 
often like Difiloi-oeci. They are Gram -negative, often ahow distinct polar Btuining, 
nnd are obligate aerobes, only |;rowiag at temperatures above 26° C, and with 
certainty un media containing blood, especinlly pigeon's, which is ao rich in 
hitmoglobin. Exceptionally they grow on senira media (due to an adntixtnre of 
hiemoglobin), and occaGionaliy an heuioglobin-freB media, in aymbiosis with other 
organisms which favour their growth {vMious Slajihyloeocri, but especially the 
B. j'eroait). Griissberger and Gohn by prolonged cultivation have been able to make 
some strains ^row on the ordinary media. 

In the discharge the bacilli tend to occur in dusters (</. Fig. 18), like ehoala o( 
fish. In cultures longer rods occur. 

' The glanders bacillus and tlic Ducr«y bauilliis of soft sort' are a1»o Gram-uegativo, but 
thcf are larger, bdiI almost never iicour in acute coDJimclivitis. Thi: B'tfUliu j/yoq/aneui 
ia or iia imgiortaace in oui^juuctival inliiuiiniatiolil, altliough it ia often ^ubterved in the 
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Zur Nedden therefore puts aside Jundcll's identification, and, after examining 
and comparing many examples, I thoroughly agree with him in doing so. I 
must also insist that Koch- Weeks and influenza bacilli can with certainty be 
differentiated in secretions by their appearance. Zur Nedden considers that ex- 
perience of both organisms justifies such a diagnosis. Regarding this point, it is 
worthy of note that Morax, who is both a highly skilled expert on Koch-Weeks 
bacilli, and has also often examined cases of influenzal conjunctivitis, opposes 
the identity of these two organisms on the same grounds as does Zur Nedden. He 
also states that he often found the Koch-Weeks bacillus in Egypt, but never 
L. Muller's bacillus. On the other hand, Meyerhof found Miiller's (i.e., the 
influenza) bacillus frequently on non-trachomatous conjunctiva in Egypt, and con- 
sidered it to be a harmless parasite. A. Knapp holds the same view. 

Difficulties arise when both occur mixed together ; it is then quite possible that 
only the more tractable influenza bacilli will grow on a blood medium, and thus the 
idea of their identity would be confirmed (Plate L, Fig. II., a and c). In cultures 
the differentiation is more difficult, as many strains of influenza grow in a somewhat 
longer form. Luerssen also notes these occasional difficulties. 

In the discharges of forty trachoma cases A. Knapp found these bacilli four times, 
and in the contents of the follicles of eighty cases also four times. He also found the 
same organism (the influenza bacillus) in a very severe case of pseudo-membranous 
conjunctivitis in a newly-born infant, in which one cornea was destroyed.^ All these 
bacilli were obligate Httmophiles (Haemoglobinophiles) and otherwise typical in 
morphology and in culture peculiarities. Brown- Pusey has often found them in 
acute conjunctivitis. 

Jundell appears only to have examined cases in which the conjunctiva became 
affected during typical febrile influenza. In young people thus affected he found 
many cases of conjunctivitis of varying severity, with large numbers of typical 
influenza bacilli. He did not consider growth on serum a distinctive feature of the 
Koch- Weeks bacillus, for the same might occur with the influenza bacillus, though 
far less freely than when ascites and the like were used. Zur Nedden opposes 
this, and states that it might quite well be the trace of haemoglobin occurring in 
many human sera which makes such media occasionally able to grow the influenza 
bacillus; and, vice versa, when the Koch-W^eeks bacillus has grown on blood, 
it has been on human blood whose proportion of serum had rendered the growth 
possible. 

Rymowitsch reported that certain bacilli (see Fig. 19, p. 150) which he termed 
Koch-Weeks bacilli were identical with influenza bacilli in every respect, even 
with regard to animal inoculation (toxicity in large doses). The bacilli were, 
however, actually the true influenza organisms. Smitt, Giarre, and Picchi express 
the same opinion. Morax, Demaria, and M. Neisser recently described influenza 
conjunctivitis. These authors, as also A. Mayer, Klieneberger, and Tedesco, found 
influenza bacilli in the conjunctival secretions of patients with measles, though not 
as a constant condition. 

During 181)6 in a small house epidemic of mild follicular conjunc- 
tivitis, which completely subsided spontaneously, I demonstrated and 
cultivated influenza bacilli (Plate 1., Fig. //., />). 

The more carefully I have examined for them since, and the more 
exact the methods used, the more frequently have I met with them. 
In my experience they are fairly frequent in the lacrymal sac, though 

^ Doetsch Iwd already found the iiiHuenza bacillus tlm'e tinu'S in jmrulont keratitis in 
adults ; this finding has be<'n lately iei»eated in one case by Zur Xedden. It is rare. 
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rarely indeed in such large numbers ns are shown in Fig, IH, which ia 
drawn from a secretion specimen. Such cases of dacryocystitis have 
nothing to do with trachoma, as Muller alleged : the frequency of the 
bacilli in the sac makes this obvious. After the work of Bymowitsch 
and Giarre, we have no donbt that individual organisms are by no 
means rare on the healthy conjunctiva. These last writers state 
that they found the ' Btu-ilUi hiemirlihi ' in .'i'H per cent, of healthy con- 
junctivje, in 90 per cent. o( acute epidemic catarrhal conjunctivitie 
(Koch-Weeks is here taken- along with the influenza bacillus}, in 
ftS per cent, of cases of measles (in such Xlorax met them once and 
Meyer often), in Cli per cent, of cases of influenza, and in a trachoma 
they never found them — a atriking contrast to the results of others.' 

The foregoing facts regarding the Koch- Weeks bacillus show generally 
that this organism does not need to rely on the presence of haemo- 
globin for its growth to the same extent as does Pfeifl'er's bacillus 

While Pfeiffer's inHnenza bacillus has a definite pathogenicity for 
animals, especially apes, rabbits, and guinea-pigs (peritoneum!), in 
which it produces a toxic disease, generally without any multiplication 
of the bacilli,' inoculation of animals with Koch-Weeks bacillus has 
always given a negative result Rymowitsch alone attributes to the 
bacillus \rhich he found the same toxic characters as the influenza 
bacillus, llymowitsch's bacillus was simply not the Koch-Weeka 
organism. His own photographs, which are here given (Fig. 19) show 
influenza bacilli. It appears to me desirable that further experiment 
should be made with the Koch-Weeks bacillus on animals, as the 
inoculation of large doses appears never yet to have been made. On 
account of the failure of all efforts to produce in animals an immunity 
to the influenza bacillus, no tests relying on specific immunity can be 
employed to identify these organisms. 

Clinically, too, a complete identification of the Koch-Weeks with 
the influenza bacillus would be quite opposed to the fact that when 
the Koch-Weeks organism has produced its inflammation, especially in 
widespread epidemics, no disturbances of the general health have 
occurred which could at all be considered as symptoms of influenza 
(we except a slight discomfort and cold in the head at the height of 
the attack). The conjunctival attacks, too, do not occur parallel with 

' Note tliat Si^rist found inlliienza 1>ac<illi i[i hii orbital abacesa. Ducloa found tliem 
witli PiieuiiiiKixri in the pUR from a poat- alterative puioplitlitiliuitis ; I oacv foimd the 
tune, and bIso obbuocd then) oncu in the orbit&l pus from u frontal Biacs. tlore.^ obtained 
influenza bacilli from an infecled conjunctival c^at ; V<io Kriidttner in purulent daciyo- 
adenttis ; Tanja, Dianoux, and Caaali in metastatic intliicnral opbthalmitia. 

' See KolU and Delius, Zdl. f. Uyj. v.. Inffkt., Bd- Tcxiv. 
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the spread of influenza. The records by Koch, Kartulis, Weeks, 
and also Jundell, date from before the last pandemic, and have just as 
little to do with influenza as have the later records. On the other 
hand, it must be admitted that Miiller found his bacillus, which we 
cannot differentiate from the influenza bacillus, without any other 
signs of influenza present. Zur Nedden, A. Knapp, and Luerssen saw 
a few similar cases, as also have I. If we identify L. Miiller's bacillus 
with the influenza bacillus, it must be admitted that an exclusive 
affection of the conjunctiva by Pfeiffer's bacillus can occur without the 
association of the usual influenzal symptoms. In most cases of this 
form of conjunctivitis, however, the usual symptoms of influenza are 
well marked. 

That on some occasions local conjunctival symptoms should be 
specially prominent, and that on others general influenzal symptoms 
should be most important, is not without analogy. The same is 
noticed in other conditions. An infection of the conjunctiva, with its 
limited superficial extent, has less disturbing influence on the general 
health than an infection localized in the respiratory tract. Such is 
the case in diphtheria, and especially so in pneumococcal conjuncti- 
vitis, where general symptoms are only exceptionally present. This 
latter example is a proof that specific localized affections of the con- 
junctiva can dispense with the general manifestations of the organismal 
irritant usually observed. Pneumococcal conjunctivitis associated 
with pneumonia is extremely rare. 

It would be of great interest, with regard to the action of Pfeiffer*s 
influenza bacillus, if a positive inoculation of the human conjunctiva 
with a pure culture ol)tained from a bronchial secretion could be com- 
pared with an inoculation of the Koch-Weeks bacillus {vide p. 147 
I't 'Scq,), Such an experiment, however, can hardly be recommended. 

Luerssen, working with Kuhnt, has lately inoculated Miiller's 
bacillus (/.r., influenza) three times on the human conjunctiva. He 
calls the results negative. The resulting conjunctival irritation and 
discharge were certainly extremely slight, though on one occasion the 
conjunctiva was inoculated on three successive days, and two days 
after the last inoculation the l)acilli could be demonstrated in the 
conjunctiva and in the nose (and that without any influenza !). This 
is a very different result from inoculation with Koch-Weeks bacillus. 
I can give an instance bearing on the question. While attempting to 
syringe a case of muco-i)urulent dacryocystitis, pus from the sac, 
containing enormous numbers of influenza bacilli, squirted into my 
own eye. Although the eye was not cleansed, as I did not wish to 
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interrupt the operation (extirpation), I suffered from no subsequent 
trouble. 

We must therefore conclude tliat these bacilli are. at any rate, far 
lesa contagious than the Koch-W&eks bacilh. 

L. Miiller declared that no causal significance had been proved for 
the influenza bacillus on the conjunctiva. Thia ia so far correct, as 
no positive proof by inoculation is avjiilable: none the leas, I consider 
it extremely prabable that influenza bacilli can occasionally produce a 
conjunctivitis. These organisms are obviously adapted to a sapro- 
phytic gi'owtb, but under circumstances not yet understood they may 
produce an inflammatory reaction. 
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SECTION 2.— DIPLOBACILLARY CONJUNCTIVITIS 

(MORAX, AXENFELD). 

IMit'x Vini.tii ,./ thr Diphhaciihie. 

Cf. Plate I., Fios. ///. .\kd VI. .■ Plate III., Fio. II. 



Historical. 

We have to thank Mora>; for the discovery of this peculiar infectious 
disease, which, go far as our knowledge goea. though very frequent, is 
exclusively iin affection of the human conjunctiva. In July, IStlG, he 
published a short paper, in which he recorded all the essential points 
in the exact description of the clinical features and organiamal cause 
of a disease which he termed ' conjonctivite suhaigut?.' He there 
definitely stated that the inoculation of pure cultures ou the human 
conjunctiva produced the typical disease, but the bacillus was in no 
way pathogenic for animals. 

Immediately thereafter, at the Heidelberg Ophthalraological Con- 
ference (August, 189i)). Asenfeld demonstrated preparations of the 
same bacillus, which he had independently grown on Liiffler's blood- 
aerum in Mjtrhurg. In a more detailed account he corroborated 
Moray's findings in every particular, and ehibomted the clinical 
appearances in this and a hiter communication from a material con- 
sisting of fifty-one cases. On account of its pre-eminently chronic 
character, he proposed the name ' chronic diplobacillary conjunctivitis.' 
Axenfeld recorded positive inoculations of the human conjunctiva. 

Following on these publications came confirmatory statements from 
all sides, showing that the disease is spread over the world in eitra- 
ordinary profusion, to such an extent that I consider it to be the most 
widespread infectious disease which exists, and showing also that a 
characteristic clinical appearance is presented by the majority of cases. 

Peters reported many cases in Bonn. Gifford (Omaha, Nebraska) 
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had previously obtained the bacillus in pure culture on agar. Peters 
repeated this, but provisionally hesitated to accept the pathogenic 
function attributed to it by Morax and Axenfeld, because he found the 
organism without any marked irritation being present. He soon, 
however, became convinced on this point, and emphasized its special 
prevalence in the Rhine Valley. A large number of further communi- 
cations followed ; these will be noticed more particularly under the 
heading ' Epidemiology.* 

It is strange that this condition, perhaps the most common of 
conjunctival affections, and one of great importance, especially for the 
cornea, should have been discovered comparatively so late. The ex- 
planation lies in the fact that up till then bacteriological interest had 
been applied almost exclusively to the acute forms; and, further, 
because cultivation of the Diplobacilli is generally only successful on 
blood media. 



Geographical Distribution and Epidemiology. 

Diplobacillary conjunctivitis has already been demonstrated : 

In America : Cuba (Santos-Fernandez) ; Philadelphia (Sweet, de 
Schweinitz, Veasy, and Clothier) ; St. Louis (Alt) ; Omaha (Gifford) ; 
Chicago (Brown - Pusey) ; Boston (G. S. Derby,^ jun.) ; Montreal 
(Tooke, McKee) ; New York (Duane, Hastings) ; Milwaukee (Black) ; 
Illinois (Brown-Pusey) ; and probably in other parts (Smith, Brewerton, 
Randolph) . 

In Paraguay (Elmassian). 

In Africa: Egypt (L. Miiller, Morax, Lakah, and Khouri, Meyerhof). 

In Europe : Glasgow (Pollock) ; Aberdeen (Usher and Eraser) ; 
London (Eyre, MacNab, Parsons) ; Copenhagen (Lundsgaard) ; Berne 
(0. Simon, Pfliiger) ; Lausanne (Gonin) ; Paris (Morax and Petit) ; 
Toulouse (Mallet) ; Clermont-Ferrand (Biard) ; Padua (Bietti) : Naples 
(De Lietro-Vollaro) ; Turin (Pes); Parma (Corsini) ; Breslau, Rostock, 
Marburg, Freiburg (Axenfeld and Bietti); Westphalia (Schmidt); 
Bonn (Peters, Zur Nedden, Saemisch); Kiel (Christensen) ; Greifswald 
(Hoffmann) ; Wiirzburg (Bach and Neumann) : Nuremberg (Alex- 
ander) ; Vienna (L. Miiller) ; Buda-Pesth (v. Grosz, Scholtz, and 
Vermes) ; Kasan (Rymowitsch) ; Holland (Nicolai, Eochat, Schoute). 

In Asia : Java (Haan) ; Japan (Hotta) ; Palestine (Butler). 

In Egypt (Miiller, Lakah and Khouri, Meyerhof). 

^ PtTsonal comniunic-atiou. 
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Many surgeons who have studied thia subject in my clinic h&ve 
told mB that they have found the IHjilohac ill its very frequently in their 
own practices. 

It is therefore quite certain that the Morax IHjil'ilmrillni, is very 
widespread over the K'obe. This can readily be understood when we 
consider the extraordinary contagiousness, as shown by inoculation 
(Morax, Axenfeld, Hoffmann, Gifford, Erdmann), and the chronicity 
of diplobacillary conjunctivitis; the more so as, according to the 
findings of Erdmann and Biard, it can persist for a long time in 
the nose. Plant and von Zelewski have proved in my laboratory that 
it can occasionally be found there without any inflammation of tlie 
conjunctiva being perceptible ; Eymowitsch and Erdmann have found 
it here and there in normal persons. 

We must not, however, speak of an even distribution of this disease. 
Junius definitely asserts that up till lltOO he had never met it in 
Kiinigsberg. Stiitementa vary regarding Egypt. L. Miiller found it 
comparatively seldom ; Lakah and Khouri have bacteriologicalty 
examined i)G6 cases of conjunctivitis there, and found the IiqihihurUhif 
only fifteen times, contrasted with the Koch-Weeks bacillus 523 
times, and Giinovfiiix 257 times. Meyerhof, on the contrary, found 
it much more frequently — in about 50 per cent, of trachoma cases. 
The /'i*/i/'iWi7/'/HiBfreetya8sofiated with trachoma (Peters, Hoffmann), 

How exceedingly frequent diplobacillary conjunctivitis can be in 
other places is seen by the fact that Eyre found it in about 2J per 
cent, of all the cases in Brailey's clinic. During six months in 351 
consecutive cases of conjunctivitis Gonin (Lausanne) found the 
diplobacillary infection no less than 180 times. According to Pfluger 
and k^imon, it forms about 10 per cent, of all the patients in Berne. 
It ie just as common in liostock (Erdmann had 342 cases iu five years), 
Freiburg (we had 529 cases in four years), and Greifswald ; in the 
University Eye Clinic in Bonn over 500 cases were observed in one 
year. Acute epidemics of moderate dimensions have also been ob- 
served in these towns, though the infection has but slight tendency 
to be epidemic. It occurs more in an endemic and comparatively 
uniform manner, especially within the limits of families and in 
sporadic cases, Stoewer and Erdmann are of the opinion that diplo- 
bacillary infection of the cornea has recently become more frequent 
in their district. That is quite possible. In many places, however, 
where this infection has not been recognized it is found to be frequent 
when more carefully looked for. I have often heard surgeons say 
that diplobacillary infections did not occur with them, although 
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numerous cases could be shown them in the hospitals of their imme- 
diate neighbourhood ; they had simply overlooked the very plentiful 
slight cases. 

People of every age are affected, even new-born babies (Andrad, 
Callomb) — adults most commonly. In negroes Brown-Pusey observed 
severe acute conjunctivitis, almost like a blennorrhoea. No special 
personal disposition has been observed. A seasonal variation has so 
far been observed in that it is more plentiful during the hot and dusty 
seasons of the year (Gonin). This can be seen in my own material. 
Infection occurs by direct or indirect transference of the secretion. 
According to Biard and Erdmann, the nasal mucus of apparently 
healthy people can contain the bacilli and act as a means of infection. 

Clinical Appearances. 

Morax gave the affection the name of * conjonctivite subaigue.' At 
first I called it * chronic diplobacillary conjunctivitis,' as the untreated 
disease appeared to last for years. When later I observed acute cases, 
the name * diplobacillary conjunctivitis' seemed generally more 
preferable. Since then the name * diplobacillary conjunctivitis ' of 
Morax or of Morax- Axenfeld has generally been used. 

As in the case of the other infectious forms of conjunctivitis, so 
here : it is generally agreed that there is a marked tendency towards 
a characteristic clinical appearance — a blepharo-conjunctivitis. 

Putting aside the rare cases of acute onset,^ diplobacillary conjunctivitis com- 
mences with a slight catarrh, and almost always affects both eyes, though not 
necessarily at the same time ; the second eye is often less severely affected. 
During the night especially a moderately profuse greyish-yellow and rather sticky 
secretion collects, mostly at the inner canthus. The lid margins become red, very 
obviously so at the angles, especially the inner. This redness of the inner angle, in 
comparison to the mild character of the conjunctival changes, often appears very 
marked ; in cases with a profuse secretion it takes the form of a large round patch 
surrounding the caruncle. The reddened skin is as a rule moist, slightly macerated, 
and often covered with a white scum like an intertrigo. According to the old 
symptomatic classification this was called by many 'ophthalmia angularis.' 

The mucous membrane of the lids generally shows a very slight swelling, with a 
hyperemia chietly affecting the parts adjacent to the lid margins and the fornix; 
the bulbar portion appears less affected ; the superficial vessels are slightly injected 
in the region of the canthi. Phlyctenules are rare, and only occur when scrofulous 
persons are affected, especially children. For such scrofulous subjects treatment by 
zinc is often especially valuable, preventing recurrences which otherwise defy treat- 
ment. Corneal com^jlications first develop in the form of small superficial marginal 
infiltrates of the so-called ' catarrhal ' type. Morax, Biard, and Peters observed single 
cases, and Petit studied them more fully. He often found the DiplohaviUus in the 

^ Cf, Tookc, Hrown-Pusey, Duane, Pollock, Yaw Neddiii, McKee. 
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iofiltralionB, and cmphELsixod Lhe important clinical fact that the original con- 
junctival inflammation was often but slight and eaaily overlooked, but that the 
corneal condition also healed rapidly with ;;inc. Hoffmann, Zur Nedden, lIcKee, 
and Pfliiger corroborate this fully. Tlie latter alwaja found a miied iofeclion with 
Pnenmorncri when an ulcus serpene occurred in a diplobacillarj- conjunctivitiK. 

This, however, is not always corroborated. GifTord deacribed a severe ulcerative 
keratitia, and UhthofT and A<tenfeld found the Diplaharilli in a hypopyoii-keraliliB 
which greatly resembled an ulcus serpens. Further cases are described by Paul, 
Erdniann, btoewer, Schmidt, McKee, and Doetsch. When we include the I'etit 
type of the D i/iloharill 111— &nd that can be done with slight reserve— the number 
of such canes is not small. In the course of years I have seen more than twenty 
eases of hypopyon -keratitis with Di/itobiicilli both ot the Petit and the Morsi- 
Axenfeld type. The latter form is capable of causing a hypopyon-keratitis 
((/. papers by Paul, McKee, and Erdmann). It is important to note that this 
severe form aliio can be cured by the use of 7.inc sulphate. Further pivrticulars are 
given in the ohoiiter on 'Corneal Bacteriology.' The conjunctival signs in such 
cases may be quite obscured. 

The clinical appearance of a bis pharo conjunctivitis should immediately urouee 
suspicion that the DiiitohncUhm is present. 

It would be going loo far, however, Co give a positive diagnosis ofT-hand, for in 
sucli cases other findings occur or the examination may be 'juite negative. Examina- 
tion of a slide or a culture alone will give a certain diagnosis. This marked affection 
oC the angles may be absent in a case of diplobacillary conjunctivitis ; and acute 
catarrhal cases from this cause have been described by Axenfeld. HotTmann, Zur 
Nedden, PSiiger. Pollock, Usher, Fraaer, and Brown-Pusey. Not infrequently the 
objective signs oF inflammation are so sli^bt that they may readily be overlooked, 
and patients, on account of a burning sensation in their eyes by artiScial light, may 
be treated for asthenopia by means of glasses, etc., without result, although a course 
of ^inc would rapidly remove all their trouble. The slightest secretion at the angles 
should be examined. In the very slightest ' almost normal ' cases the bacilli are 
often very numerous. Lundagaard states that occasionally only slight lacr.ymation 

After a severe catarrh has occurred for a long time, ectropion districbiasis and 
eczema of the lids may result. Such cases are often wrongly considered as the 
ordinary blepharitis. 

In all cases, therefore, of blepharitis the secretion should be examined for Diplo- 
b'lrilli, as their demonstratiori is an indication for the usual routine zinc treatment. 
MacNab has very rightly emphasized this recently. Follicles are uccusionally 
observed in the conjunctiva. When they are very plentiful and resist treatment. 
they are usually not due to the diplobacUlary infection, but to a combinaiion sucli 
as U not uncommon in the case of true trachoma. 

The affection when untreated lasts, with occasional exacerbations, for a long 
time. It is not known wliether the rarer acate cases resolve more rapidly, as all the 
cases observed so for have been cut short by treatment. We have no definite 
records of cases healing spontaneously. What the patientH call healing is often only 
a transient improvement. 

The conjunctivitis ia Bometimes accompanied by a nasal catarrh. In a family 
which suffered from a very free conjunctival discharge I found at the nassl orifice 
reddened and macerated areas, on which Diplohmilli occurred ; in another patient 
the same condition occurred at the angles of the mouth (Lobanowi. Whether, in 
such cases, we should epeak of a diplobacillary rhinitis or stomatitis ia still open to 
qnestioQ. Meyerhot stales that catarrh of the upper air passages often occurs 
in people who have diplobacUlorv conjunctivitis. I have not found it so myself. 

U 
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Biard's statement that the Diplobacillus very often occurred in the nose, and from 
thence inlected the conjunctiva, was not at first confirmed (Moraz^ Petit Zur 
Nedden). The fuller researches of Erdmann have shown that the bacillus can be 
very often found in the nose, not only in persons who have a blepharo-conjunctivitis 
but also in those whose conjunctiva is healthy. Seeing that the cultural and other 
characteristics of the bacillus obtained from the nose are identical with those of the 
organism from the conjunctiva, and inoculation on the human conjunctiva produces the 
same conjunctivitis, Erdmann's results cannot be doubted. In the nose he found 
t^-pical DiplohacilU without capsules 64 times in 142 persons whose conjunctival 
secretion contained no Diplohacilli. In 26 of these cases cultures were made and 
18 of them showed the typical Morax-Axenfeld Diplobacillus. The fact established 
by £rdmann that, after a diplobaciUary conjunctivitis has healed, the bacilli may be 
found for weeks in the nose is important regarding the question whether these 
organisms can have a pathogenic eustion in the nose, and there multiply and persist. 
Only a few of Erdmann's cases had a chronic rhinitis ; the majority had a healthy 
nasal umcous membrane. Erdmann introduced some of the secretion from one of 
these clinically healthy membranes — where the conjunctiva, too, was free from 
DiplobaciUi — into the normal conjunctiva, and produced a typical conjunctivitis. 
Cultures showed also that in the dried nasal secretion the DiplohacilU were still 
living after seven days. 

It is worthy of note that Treacher Collins found the Diplohacillut 125 times in 
the nasal secretions of HOO school-children who had a nasal discharge as well as 
a conjunctivitis. He considered that the eyes were often infected from the nose 
and recommended that the nose should be examined and treated in school 
epidemics. 

Many cases of diplobaciUary conjunctivitis must result from infection with the 
nasal secretion, and the suggestion of Gifford and Collins that the nose should 
be treated is quite rational. 

The subjective symptoms are comparatively slight, even in the acute cases. 
Peters states that headaches sometimes accompany this infection, and cease when 
the conjunctivitis is relieved. 

The Secretion. 

In slight cases the amount of secretion is so small that no actual 
flakes can be found : in such cases a greyish slime occurs on the 
caruncle. Although this angular secretion is very freely contaminated 
with skin saprophytes, and should not be used for cultures, it gives 
the slide diagnosis with special clearness, because the l>ipioha<:ilU 
occur in it in great numbers, sometimes in enormous profusion. 

They either appear free or else attached to cells, especially 
epithelial cells, which are numerous in such a secretion, and may 
appear absolutely covered with the organisms. A true phagocytosis 
is rarer in these cases than in Koch-^Yeeks or pneumococcal con- 
junctivitis. The secretion, in fact, consists more of fibrin, and is poor 
in leucocytes. 

The bacilli mostly lie in pairs, but longer or shorter chains occur, 
the bacilli being then plumper and arranged in coils, though a 
tendency for each adjacent i){iir to lie closer together can be noted. 
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The individuala are, on an average, 2 to 3 /' long and 1 to lo /* broad. 
The size varies, and much smaller ones are seen ; these are probably 
younger. Larger forme also occur. 

The bacilli are rounded off at their ends, like a truncated oblong: 
they are generally ot even thickness. Sometimea the ends appear 
a little swollen, and then a slightly deeper staining occurs there; 
but polar staining is not general. The whole organism takes on the 
staui very intensely. The line of separation between the pairs is 
quite ciear. 

Decolorization by Gram ia rapid and complete. Concerning the 
presence of a capsule, opmiona vary. Moras calls the organism 
B-free ; Axenfeld said 




that the capsule was not 
clearly seen. On the con- 
trary, Birnbacher and Gifford 
state that the capsule is quite 
obvious ; Hoffmann and Zur 
Nedden hold the same view. 

Capsule staining in my 
laboratory by Bietti and 
Agricola showed the presence 
of a narrow ectoplasm. Such 
methods show capsules on 
very many bacilli — <■.;/., even 
on anthrax. In a secretion 
preparation we can say that 
the majority of the liipln- 
iMcilli, without special stain- 
ing and with a wide aperture, 
show no definite capsule. This is especially the case with preparations 
stained by Gram's method, and counter-stained with safranin, such as 
are shown in Plate L, Fig. ///., exactly drawn from Nature. In these 
respects the IHjil-K-'irci differ greatly from Fried lender's I'nnimoJmriUns 
and the oz«;na bacillua, which might otherwise be confused ; and it is 
therefore correct to consider the capsule in the iJii'luliurilli un- 
important. For other points refer to the remarks in Chapter 1. on 
capsule stain in;,'. 

Cultures. 

The I>ii>l'il,uriUi of the Morax-Axenfeld type only grow at brood 
temperature, and then with certainty only on blood-serum, agar con- 
taining eerum, or media which contain human body duids. 

11— -2 
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On bullock'a or sheep's blood-iennn, prepared in LSffler'a method, itn imeveniieBS 
of the surface develops in twenty-four hours, and takes the form of small, moist, 
aUghlly sunken, trsjispacent areas, which slowly deepen, so that the medium is gradu- 
ally liquefied, mostly without any change in its colour. With some strains the lluid 
material becomes brown. This hsA something to do with the senun, aa in cooked 
serum it occurs much more rarely. If the milky and slightly viscous fluid mass be 
removed with a loop, the surface of the serum appears gouged out. When the 
colonies are widely separated, deep pits are formed, but when close together, 
they coalesce on the surface, and their viscous contents flow down into the con- 
densed water ; the peculiarly eicavated surface is then very obvious. In about 
fourteen days almost the whole of the medium is liquefied down to the depths of the 
tube. The liquefaction, as a rule, is not complete, as the DijilobarilH die out, and 
generally bordiy anything but involution forms is found in the liquefied a 
cooked serum the liquefaction is neither so intense nor so rapid an it is i 
prepared by fractional sterilization. 

This action is eitremeiycharacteristic of the Dyi/(i&'iii//?(g. Of all the pathogeoio 
bacteria which are commonly found on the conjunctiva only the allied Petit type of 
Dipitihacillut poBsesses this power. It should be noticed, by the way, that many 
sterile uecretions have a certain power of dissolving or liquefying serum media. 
Every hollow on the surface of Liiffler's semm should not, therefore, immediately be 
considered as a colony of Diplobacilli ; a rourid excavation becoming prof^esaively 
deeper, however, certainly indicates Bacteria. We mnst also remember that serum 
which has been imperfectly sterilized may contain the spores of liquefying organismH 
which may develop in the incubator. 

On terum itgar the D-iplobacillim grows in the form of small, translucent, flat 
pale grey drops, resembling colonies of Pneumnciirci. Under higher magnification 
the colonies appear to be finely granulated, round in shape, with an even, slightly 
prominent margin, and show very little tendency to coalesce ; iadividually they are 
smaller than when grown on Liiffler's blood-seniiii. 

In serum bouillon a faint but quite marked cloudiness occurs in twent.^-tour to 
forty-eight hours ; a slight deposit sinks to the bottom, and can easily be shaken up. 
On agar, free from serum, the Diplnbaeilli from the conjunctiva usually fail to 
grow, and when occasionally they do develop their growth is scanty, they die ont 
readily, and oannot be propagated. In this they differ from the Petit type, which 
grows freely on ordinary agar. Growth on agar is quite exceptional. (I have 
recently grown one or two strains from conjunctivitis cases which at first showed 
a fair growth on agar, but on cultivation lost it. In gelatine stab cnltures at room 
temperature slow growth and liquefaction occurred in these parlicular strains, just 
lis in the Petit type. This was lost later.) 

In tnilh, oi potatoes, or sloped bullock's blood, and blood media they do not grow. 
The media should always have an alkahne reaction ; when neutral, the organisms 
grow badly, and acid media are unsuitable. This esplains why the Di}>hbiicilli 
in the presence of the Staph ylocoecm pyogenes aiiTeug sometimes grow badly on 
serum, iiltbough they were present in excess in the secretion ; indeed, the bacilli 
may not grow at all when the rapid growth of the cocci hits produced an acid 
reaction in the medium. On the other hand, the DiplobiidlH grow very well along 
with lerose bacilli, aa these latter do not cause any change in alkalinity, but rather 
favour the growth of the former. They grow well with the ordinary white Stapky- 
Uicocvi of the conjunctiva. 

The I>i}>l'ibacilli can often be obtained in pure culture from eases 
with profuse secretion, provided that the lid margins and angles are 
not touched. 
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White Sliij'lii/liiriivri are fairly often mixed with them ; generally 
they are of very low virulence, and in much smaller numbers 
than the liijitiihaiilit. Pneiniionin-i, Slrrjitunirri, and Koch-Weeks 
bacilli are more rarely found fHofTmann, Zia, Duane, Hastings, and 
others). Sui^h caMes are mixed infections, and may not show the 
peculiar clinical features of the disease. In the case of the last- 
mentioned an acute catarrh usually occurs. 

If we take cultures daily, the admixed organisms are found to vary 
greatly in number, and may at times unite disappear. This shons 
the I>i}>hiha<iUi to be the true pathogenic agents. If, however, the 
conjunctivitis, and with it the numbers of the Dii'luhtifilli, subsides, 
the xerose bacilli and Staph iil'iroa-i become more obvious. 



Moppholog-y of the Bacilli in Culture. 

The colonies on Loftler's l>h.i>d-xrriim only show (or the first or 
second day l>ip!'>l>ii<il!i or Siyi:pl-ilinrUli of varying size, such as are 
seen in the pus. A free degeneration of the orgai 
begins, with the formation of 
variable, sometimes grotesque, 
and very large involution forms. 
As soon as the liquefaction of 
the medium is well advanced, 
we only see amongst masses of / 
unstained and dead organisms a '* 
few double forms, chains, or fila- 
ments of varying size. At this 
stage the outlines of the organ- 
isms stain more intensely than 
their centres (see Fig. 23). 

On urniiii aiinr and in »erum 
hiiiiill'iii their form and staining 
are retained longer. 

Rapid decolorization occurs by Gram's stain. The organisms are 
non-motile, and do not form spores. The same is true of the Petit 
type. 

Only once did MacNab obtain a slight hypopyon-keratitis with the 
Morax-Axenfeld bacillus. 

Resistance. 

The IHphihm-iUiix dies out in a few days when on Lbffler's serum 
in the incubator. In the liquefied medium only necrotic forms 




Fio. 28.— Forty- EioHT-HoUB CntTHttB 
I Lem-EH'a BLooD-SiiRinf— 

Involution Fohmb. 
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are then found. It can beat be recultivated wben the fluid mass ia 
poured out into aacitee bouillon. An eight-da; culture can no longer 
be propagated. These etatements are generally agreed to, but es- 
ceptiona do occur. MacNab made elaborate resistance tests in my 
laboratory, comparing the Moraz-Axenfeld DiplobacUliie with the 
DiplobaciUus liquefaciens (Petit). He found that the DiplobaciUns 
liqmfacicns could be propagated from a aixty-daya-old blood-aerum 
culture. A atrain of the Morax-Axenfeld Diphhacilhis waa similar. In 
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Fio. 24. — Twenty- Four- Hour Culture on Serum Aoar. 

the vater-bath both forms were killed when kept for five minutes at 
55° C. ; at 50° C. a growth still occurred. 

Wben sterile Bplinters of wood were infected with l>ijiloliacilti from 
an agar or serum-agar culture, and then dried in the oven for four 
days, media could still be inoculated with them ; thia was the case with 
both types of organism. From this I consider that the liiplohavUU 
could, under certain circumstances, remain a long time alive outside 
the body, and perhaps still cause infection. This is probably more 
often true for dried secretions than for dried culturea, as ia the case 
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with the PiinimiiifM-iiin. How far the IiiphhaciUi are 'drought' 
resiBting' has Btill to be determined. 

The reaction of pure eiiltures to zinc solutioDB of varying atrengths 
ia naturally of intereal, conaidering the extraordinary beneficial in- 
Hiiem-e which that salt has on the conditioD of the conjunctiva and 
the cornea when infected by Jiiiih'luuiUi. Paul found that when a 
pure bouillon culture was dried in small reagent glasses, it could with- 
stand the action of a j to 1 per cent, zinc solution for a considerable 
time, even five minutes. It was really only after a half to one hour's 
action that any detinite anti-bacterial effect could be demonstrated. 
As it is (jiiite impossible for so strong a solution to remain for such n 
time in contiiet with the conjunctiva, Piiul concluded that the action 
was not a simple disinfection. 

Bilva has further worked at this subject in my laboratory. 

Silva first e^pertmented to dotermme whether by continued inalillatioiis ol wcajc 
Bolutiona the y,\ae could pans into the aJltcrtor cliauiber. Thv curative action In- 
fluencei even de«p purulent infiltrationa, and il appeared that the kiqc had peoe- 
trated into the tiBHues, Nu passage ot zinc into the ru|uenus could be detenuined 
with the finest chemical testa, even iifter removal of the epithelium. 

A J per cent, zinc Bolution had very little lethal (disinfecting) action on cultures 
of Diplobiicilli, but it rlid prevent development. Its curative action, aocording 
lo Silva, was due to its power of reetraining growth and preventing reinfection. 
With this assistance the conjunctiva and cornea were enabled to overcome the 
infection. 

Conjunctival secretion dried on linen swabs for twenty-four days, 
retained living l>i[il"lianlti which could be cultivated (Erdmann). 
Such a secretion twenty-five hours old still produced a typiciii diplo- 
bacillary conjunctivitis when introduced into the conjunctiva. When 
dried on glass rods, they grew on the medium after seven hours, but 
not later. Ac room temperature the time wits longer than when they 
were in the incubator, as in the latter case complete dryness occurred 



Diplobacille Llqueflant of Petit. 
«;;; Plate IIL, Fig. //.) 
The previous description refers to the typical lUiilnl.iirillii'i, the cause 
of conjunctivitis, as first given by Morax and Axenfeld. 

In 18!)8 Petit described a very closely allied bacillus, whose relation- 
ship to the Morax-Axenfeld organism will now be considered. 

He found a Gram-negative hi/ili-lniiiUii^ in three cases of superficial 
serpiginous hypoi>yon-keratiti8 with very slight pain (perhaps a case 
by L'hthoflf and Axenfeld was of the same class). The organism 
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reBembled that of Morax very closelj in appearaDce, but was Blightly 
smaller. Compari8on of Petit'e figures, which are here reproduced 
(Figs. 25 to 28), shows that the Morax-Axenfeld organism in cultures 
more olten shows longer forms. These really are involution forms which 
occur more readily in the less resistant Morax-Axenfeld type, but do not 
constitute a constant differentiation. Much more commonly it is im- 
possible to distinguish in fresh cultures between Petit" s and the Morax- 
Axenfeld I^iiiliil-ii'ilhiH. I have often been convinced of this, "W'e can 
merely say that in the 
Petit type the double 
form is more constant 
and longer retained. 

A special charactei - 
isLic of the Petit type is 
that it grows very readily 
on common media at '20° 
to S"" C. 

Fetit states that on 
agar thick, round, grey 
colonies develop, which 
are less prominent than 
those of the Morax - 
Axenfelil type, and have 
no central elevation. 
This latter differentiat- 
ing point, which is shown 
in Petit's photographs 
here given (Figs, 27 and 
28), has been shown by MacNab'a investigations in my laboratory not 
to be constant. The centra! elevation may be absent entirely in the 
Morax-Axenfeld I'ipkihaviUux, and can often be seen in the Petit type. 
Coagulated serum ia freely liquefied by the Petit type, as also is 
gelatine at 22° C. At 15° C. the liquefaction is slower. It grows rather 
badly in simple bouillon ; milk is not coagulated ; on potatoes a 
creamy, light yellow scum grows. It is an obltgnte aerobe. At 
50° C. the bacillus remains alive for a quarter of an hour ; at 55° C, 
it is killed in the same time. Kept at 12° C. it can still be propagated 
after ten days. For the usual laboratory animals it is not patbogenic. 
MacNab alone obtained a slight hypopyon -keratitis in rabbits. 

Petit considered that the important distinctive characters of this 
type were its growth upon ordinary agar, and especially its power of 




Pio. 25. — Morax- AxENFELi> Diplob: 
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liquefying gelatine; he also only found it in enses of hypopyon- ^ 


keratitis. 
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I have twice myself 
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obtained huch lilfili)- 
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I'll, ill i from conjuncti- 


^ ^^^^^^^^1 
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vitis cases which re- 
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sembled clinically the 


W ^'^ ^ 
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ordinary diplobacillary 
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conjunctivitis. I con- 


■ '<'K > ■ 
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sider it established that 




the Petit tyjie can also 






produce the conjuncti- 




vitis which hati already 




been described, especially 




as Erdmann, by inoculat- 






ing the human conjunc- 






tiva with liipl-lHoilli 






which grew freely on 






agar, has siifceeded in 


FlU. 26. — Dll'LOBAflLLE LHJUKFUNT PKTIT, 


producing a conjuncti- 


UiPU)-FoBM9 (Petit), x «M). 


vitis. 




The power to li.ptefy 






gelatine and grow freely 






on agar, which was 






present at the outset in 


^ ^^^^H 




my two earliest examples 
of the Petit bacillus, 


Wm ^^ 




was gradually lost in 




successive generations, 






30 that they more nearly 






approached the Morax- 






Asenfeld type. MacNab 
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conducted a further re- 




search under my direc- 






tion to see whether, by 






continued growth under 






varying conditions, it 




might not be possible to 


Fni. 27.— DirLoBAfiLtK Petit. 
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transform the one type 




into the other. It was. ho 


wever, not possible to develop in (he Morax- 


Axenfeld bacillus the powei 


r of liquefying gelatine, nor could it be pro- 
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pagated from bouillon on to ordinary agar. The Petit type certainly 
lost its power ot liquefying gelatine, but it could always be grown on 
simple media, and in any generation could be grown In bouillon, and 
from there again back on agar, which transference never was poagiblo 
with the Morax-Axenfeld bacillus. 

(In these esperimenta ihe Petit Diphihavilli:^ was cultivated for two 
years iin blood -serum.) 

The Moras- Asenf eld Itijilol-nrilhix, too, can sometimes prodnce thd 
same form of hypopyon- keratitis. This Petit had not had the oppor- 
tunity of observing when he recorded his type. In my own material 




Fio. 2S.— Dipui 

Coloiiien ■ Mammclonniet' (Pi 

AIho iiui'iirs in Tstit's ty\K. 

consinting of twenty-three cases of diplobacillnry keratitis, according to 
the analysis of Dr. Agricola, one-third were caused by the Moras- 
Axenfeld type, and an even higher proportion is recorded by Paul and 
byErdmann. These two writers consider ihat the two types probably 
are identical. I am of the opinion that tbey are very closely related, 
but that they must be looked upon as variations of the same family 
BO long as a complete transference of tlie one type into tlie other 
be accomplished. It may, perhaps, be possible. This point of view 
cannot is taken by Zur Nedden, who only foinid the Petit [ype in 
hypopyon- keratitis. It is very peculiar that the Petit variety is rare 
in conjunctivitis, but is fairly frequently found in the cornea in 




SPECIAL FORMS OF CONJUNCTIVAL INFECTION 171 

hypopyon-keratitiB, while the Morax-Axenfeld type is more prevalent 
by far in conjimctivitia. It is best to ape&k generally and collectively 
of diplobauillary coiijiinctivitiB and diplohacillary keratitis, and to 
recognize that both the commoo Moras -Axenfeld and the rare Petit 
varieties can produce the same clinical appearances. 



Pathogenicity. 

Morax asserted that his IHiihihwi/lnx possessed no pathogenic powers 
for laboratory animals, either locally, Bubcutaneoiisly. or intraperi- 
toueally. Apes and birds were also quite refractory to it. All the 
later investigators came to the like conclusion. Rymowitsch alone 
stated that he had obtained a severe plastic iritis by injections into the 
anterior chamber ; and this has been confirmed by Biipprecht in my 
laboratory. Injection into the vitreous produced an abscess. The 
Petit type has a greater action (MacNab), and occasionally produces a 
slight hypopyon -keratitis in rabbits. 

Morax, by instilling a twenty-four-hours ascites bouillon culture 
into the conjunctiva of one of his colleagues produced a typical sub- 
aeuteconjunctivitis. This began after four days' incubation. Shortly 
after inoculation no l>iph>liaciUi could be found in the conjunctiva, but 
when the discharge began they were numerous, and again completely 
disappeared when sulphate of zidc had produced a cure. 

Asenfeld introduced into a healthy conjunctiva a loopful of a 
forty-eight-hour culture on bullock's blood-aerum which had already 
begun to liquefy. The result was negative, j)erhaps because of the 
medium used for culture and the degeneration of the bacilli which 
had occurred. The inoculation of a tleek of secretion, which when 
first rubbed on serum produced a pure culture of Iiijihihiu-iUi, resulted 
twice in a typical diplobiieillary conjunctivitis, with four days' incuba- 
tion, and a profuse pure culture of the Iiijilohnnlli in the secretion. 
The conjunctivitis passed over into the other eye, and rapidly healed 
under zinc. 

HoETmann and also Gifford obtained similar positive resulta on 
inoculation. The course was a little different in Hoffmann's case, as 
the secretion commenced on the second day, though the discomfort 
was only felt on the fourth. 

There is a widespread susceptibility to this disease, and exceptions 
are rare. The investigations of Plaut and von Zelewski in my 
laboratory have shown that such exceptions do occur, as they found 
the Hiplobafilliis twice on practically normal conjunctiva in cases of 
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laerymal sac excision. Eymowitsch found the IHiilnhacilliin aix times in 
100 normal caeea. B. Harman found it on the normal conjunctiva, 
as did Erdmann, who agreed with Biard that the Iiijihiha<-iihis can 
sometimes be met with in the noses of healthy persons/ without 
causing any disease there. When introduced with the conjunctiva, 
however, it causes an inflammation. Provided that the organisms 
foimd on the conjunctiva were pathogenic, a de&nite disposition can 
be presumed, though such is rarely of any marked degree ; this is 
shown by the numerous family epidemics. There is usually a high 
degree of contagiousness and susceptibility. 

As acute eases can occur, widespretid acute epidemics cannot be 
excluded, though they have not yet been observed. 

The Dipiobaeilli have na great tendency to infect wounds of the globe. I have 
seen severe perforating wounds heal cleanly even in the presence of profuse diplo- 
bacillary coQJanctivitis. Our experience with diplobacilkry hypopyon-keratitis 
teaches us, however, that this organism must be reckoned upon in wounds of the 
cornea. The variety DiplobacUte liqiiefiant of Petit appears to be especially dan- 
Ksroiis, and as this organism cannot he distinguished in secretion from other DipUi- 
barilli, before every operation and in every wound an examination for Diplobncilli 
should be made, and treatment adopted if necessary. 

Immunity against the infection only occurs to a very slight degree and very 
rarely. This is shown by the great ohronicity of the process, which rarely heals 
spontaneously ; also by the frequency of recurrences, wliethor due to the fact that 
the Di/>tiibaciUi had not ijuite disappeared on treatment or due to reinfection. 



Differential Diagnosis. 

All other bacilli found in the conjunctiva (diphtheria and xerose 
bacilli. Koch-Weeks and its allies, Ji. <-"ti, Friedliinder's and Zur 
Nedden's) are radically different either in shape or staining. 

Priedliinder's Pncumvbaiilli are almost the same size, and decolortEe in the 
some way with Gram ; they do not, bowover, lie so regularly in pairs, and have a 
much more definite capsule than [he Dijilnbiiiilli, in which the capsule is incon- 
stant or invisible. The same may he said of the closely allied oztena bacillus. 

Their cultural peculiarities are <juite different. The Pneumvbavillus and ouena 
bacillus Qourish on ordinary media, and that, too, at room temperature. They ore 
especially characterized by the ' nail ' culture in gelatine, wliich does not occur with 
the DiplohiiciUiii. 

These two organisms liave a well-marked pathogenicity for animals, which the 
Diplobacilbis has not. 

It is quite ineipUcabls how Pes, mider these conditions, could consider the Diplo- 
bafilhis as identical with the Pneumub'irillua. That author has merely stated the 
opinion ; he has furnished no proof. 

The paired arrangement is inconstant in Zur Nedden's bacillus, which is also 
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different in form and size. On close examlDation a difierentiation may thus be 
established (rf. Plate C, Fig. 27/.). (The form of the Zur Neddcu bacillus is more 
like tbat of the Bneillut j-erotiji, from which it is diiitinguiahed by being Gram- 
negative!. In culture a difference is shown at onoe, as the Zur Nedden bacillui 
(like the Bacillun ■:oU) growa freely, as a thick alime, on all ordinary media, does not 
liquefy blood.serum, and generally behaves quite differently. 

Stock records tbe pathological examination of the lida in a ease of 
diplobaciltarj conjunctivitiB available for section at the height of the 
affection. He found considerable hypertrophy of the epithelium in the 
region of the lid margins and the macerated skin, with development 
of glandular ingrowths. In the conjunctiva was a -widespread 
infiltration of the mucosu, with enormous numbers of goblet cells. 

Attempts to Btain the bacilli on the surface of the conjunctiva were 
only partly sueeeaBtul in sections. We cannot say how deeply they 
penetnite into the tissues ; probably they are restricted to the surface 
of the epithelium. Mayou stated that in this condition it was only 
the less resistant plasma cells which were multiplied in the sub- 
epithelial tissues. 

Morax and Petit anatomically examined a fresh ulcerated and 
perforated leucoma adherens, and found in the infiltrated margin 
numerous Jtiplnharilli, which stained best with Nicolle's carbol 
thionin. 

Paul had the opportunity of examining a non-perforated diplo- 
bacillary hypopyon - keratitis. The corneal process affected an 
absolutely glaucomatous eye. The findings were analogous to those 
of an ulcus serpens, with a progressive border on the one side and 
epithelial growth on the other. The appearance was ko far different 
from the commonest appearance of a pneumococcal ulcer, in that the 
floor of the ulcer was deeply infiltrated. Cultures showed the Morax- 
Asenfeld type of l>ipliili(ii:i!l'is, which, however, Paul could not find 
in the sections. 

The treatment with sulphate ot zinc (Morax), which has such a 
beneficial result in these cases, must he continued for weeks in order 
to obtain healing without recurrence. Several authors (Lundsgaard, 
Mallet) report that yellow oxide of mercury ointment is especially 
valuable in many cases. Morax recommended it for the further 
treatment of obstinate cases. It is remarkable how long a contact is 
necessary for the zinc to kill the Bacteria (Paul, Silva). A direct 
specific action therefore does not occur. 

I have been able to demonstrate that diplobacillary hypopyon- 
keratitis is profoundly influenced by instillations of zinc. This is 
confirmed by Paul, Erdmann, and MacNab. The contradictory 
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results of Zur Nedden, who considered Saemisch's section necessary 
for most cases, perhaps are due to the use of other treatment than 
zinc. We instil zinc lotion on to the cornea ten or twelve times a 
day, and also bathe the eye for several minutes in it. It is important 
that this should be done late in the evening, and in severe cases 
even repeated several times during the night. The results amply 
justify the time and trouble taken. In over twenty cases, amongst 
which were several very severe ones, we have obtained healing with 
zinc alone. A paper by Agricola gives the fuller details of these 
cases. Paul obtained very good results by repeatedly syringeing the 
ulcer. He reports that a zinc encrustation once formed, and therefore 
advises that the use of the solution should not be continued for an 
unnecessarily long time.^ We have never had such occur. Without 
going so far as to say that every case of diplobacillary infection of 
the cornea must heal with zinc, I personally have never seen it fail. 

Erdmann reported two such failures, but it is not clear how often 
the zinc was used. A marked infiltration often occurs on the next 
day even in successful cases ; this is not necessarily a sign of spread, 
but of a reaction. If advance is not arrested within twenty-four 
hours, surgical treatment should be adopted. Complications which 
may arise should be suitably treated. 

Meyerhof states that when trachoma complicates diplobacillary 
infection (in Egypt), the cases do not react to zinc, and are better 
treated with silver nitrate. 
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SECTION 3.— PNEUMOCOCCAL CONJUNCTIVITIS. . 

Pl^te it., Fig. //. 

Historical. 

In 1893 Gasparrini found Pneiimococci on the conjunctiva in cases 
of hypopyon-keratitis, and was able to produce a pneumococcal con- 
junctivitis in rabbits by the injection of Pnenmococci under the con- 
junctiva, or their introduction on to the injured mucous membrane. 

Morax and Parinaud (1894) give the first records of pneumo- 
coccal conjunctivitis as a definite disease in man. Parinaud described 
it in infants at birth as a unilateral, benign, but often chronic 
affection, which was associated with severe lacrymation and nasal 
catarrh, and in many cases with inflammation and stenosis of the 
nasal duct. Parinaud considered it possible that the whole infection 
arose from the nose, but that infection direct from the vagina was 
more probable. Morax, under whose direction this research was 
conducted, expressed doubts later concerning the causal significance 
of the Pneumococci in these cases, seeing that when examined daily 
they might for a time be quite absent. They have, at all events, 
only a secondary importance. 

Morax' earliest cases were children under two years old. He stated 
that a slight pseudo-membrane formed, but that there was no lac- 
rymal affection. The conjunctivitis subsided in a few days. Morax 
considered that it was not contagious, as he only observed single cases, 
which were limited to one eye. 

The papers by Gasparrini and by Axenfeld appeared simultaneously 
in 1896. Both proved in numerous cases of varying ages that both 
eyes were almost invariably affected successively, and that frequently 
many people living together became affected one after the other. 
Axenfeld described two widespread epidemics. While Gasparrini 
concluded from his cases that pneumococcal conjunctivitis was always 
contagious, and to the same degree as Koch-Weeks conjunctivitis, 
Axenfeld was able to show that, in sjnte of the contagiousness of 
many cases, such was not constantly so for all persons. Both authors 
stated that the appearances varied in intensity. While Gasparrini 
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considered it impossible to distiuguiah the clinical appearances from 
those due to the Koch-Weeks bacillus, Axenfeld showed that the his- 
tory and courRe of a. pneumococcal conjunctivitis in many cases was 
characteristic. 

The authors mentioned established its infectiousness from clinical 
considerations, but soon after Pichler (1896) and Gifford {189tJ) were 
able to furnish definite proof from actual inoculation on the healthy 
human conjunetivii. Veaey, Hauenschild, Baenziger and Silber- 
schmidt also obtained positive results on inoculation. 

Confirmatory records are furnished by the work of Adier, Weich- 
selbaum, Gonin, Junius, Moras and Petit, Bach and Neumann, 
Hauenschild, HnUi?, Denig, Hertel, Veasy and De Schweinitz, Brecht, 
Kibbe, Eymowitsch, Lundsgaard, Guiguot, Pollock, Browu-Pusey, 
Duane and Hastings, D. Smith, Usher and Fraaer, Auge. 



Geographical Distribution and Occurrence. 

Although the I-'iiiiimo.;<i-niii is universally distributed and can be 
demonstrated in the buccal cavities of most people, pneumococcal 
conjunctivitis is not so evenly distributed. 

For this reason the occurrence of extensive acute epidemics has not 
been very often described ; we have only the records of Axenfeld 
(Marburg and environs), Adler and WeichBelbaum (Sarasdorf, in 
Lower AuBtriat, Junius (Konigsberg, in Prussia), Himenschild (Wurtz- 
burg), Gilford (Omaha, U.S.A.), and (Jonsalvo (Milan). Some special 
conditions must be necessary to produce an epidemic, for the 
endemic occurrence of single cases and small family epidemics are 
very widespread, especially in Germany, Italy, U.S.A., Denmark 
(Lundsgaard), England, Switzerland, and certain parts of Russia 
(Kymowitsch, in Kasan) ; while in Egypt, for example, where ucute 
Koch-Weeks catarrh is so universally prevalent, Morax, Lakah, and 
Khouri agree that imeumococcal conjunctivitis is very rare. Meyerhof 
found it rather more commonly in Egypt, and Butler records it as 
common in Palestine. Axenfeld saw it very frequently in Marburg, 
Brealau, and Rostock ; in Freiburg, however, much less often. In 
the last-mentioned town Koch- Weeks bacilli were common, but were 
practically never seen in the other three places. Gaaparrini, Gonin, 
and RymowitBch alone have recorded an approximately equal preva- 
lence of the two chief forms of acute conjunctivitis. 

So far as we can form any conclusion from these epidemiological 
data which still need amplification, pneumococcal conjunctivitis 
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appears more prevalent in Northern countries, and especi&U; in the 
colder months of the year (Axenfeld, Gifford, Rymowitsch). The 
history of a ' chill ' is a common examplificatiou of this. 

It is very noticeable how seldom a pneumococcal coiijunetivitis is 
associated with a pneumonia ; we only know of very few cases 
(Rymowitsch, Stschegolew, Petit). It is quite rare for a severe bron- 
chitis or an angina to accompany the conjunctival affection. The 
other pneumococcal affections of the body have no common associa- 
tion with pneumococcal conjunctivitis. Very often a cold in the bead 
occurs immediately before or along with it. 

Hertel had three severe cases following measles. 



Clinical Appearances. 

An acute catarrh develops very rapidly in both eyes successively. 
It varies in intensity and duration ; there are very severe cases resem- 
bling blennorrhu-a, with intense redness, swelling, and profuse secre- 
tion, and slight abortive cases, in which all the symptoms disappear 
in a few days. It is clear, therefore, that the appearances are not 
absolutely characteristic of the P)f:itimn-'wcii«, and that confusion with 
other infections may occur ; nevertheless, when the whole course of 
the disease is considered, it presents relatively characteristic features. 
The disease in different places and at different times seems to vary 
somewhat. Gifford and Gasparrini have seen quite a large number of 
very severe cases in proportion to their infrequency in other places. 
Cases of medium severity, as a rule, present the following features : 
At first a pinkish (edema of the lid margins, especially the upper 
(held by Morax to be very characteristic) ; acute onset of the 
conjunctival congestion, with moderate swelling, and occasionally a 
superficial false membrane, so that within a short time the height ol 
the affection is reached ; and a profuse watery secretion, with a few 
white purulent flakes. The redness of the conjunctiva bulbi is very 
pronounced; frequently small phlyctenular nodules occur at the 
limbus cornese, tmd very often small hitmorrhages, which tend to 
increase, especially in the upper part of the bulbar conjunctiva in the 
region covered by the upper lid. The biemorrhages soon take on a 
pronounced yellowish-red colour, and rapidly disappear when the 
affection subsides. This subsidence often occurs with great sudden- 
ness ; very soon after the most acute stage is reached there is a 
crisis: the Piu-nmvoici-i, which have been very plentiful in the secre- 
tion, rapidly disappear, and during the final stages only BaeiUan 
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.rrnwH and Stdiihi/t-mirri are to be found. This distinct critical 
termination, to which Axenfeld first culled attention, comparing it 
with the crisis in pneumonia, is often well seen in ophthalmia neona- 
torum (-:/: von Ammon, M.iu.h. M.;l. ]V.,.-h., I;i00, I., p. 12). 

Although these cntarrhal inHammatory symptoms can also occur 
in Koch-Weeka conjunctivitis, the peculiar critical termination, gener- 
ally with rapid improvement and without any vigorous treatment of the 
conjunctiva, is very characteristic of pneumococcal conjunctivitis. The 
frequent occurrence of a severe ' cold in the head ' is not to the same 
degree peculiar to the other forms of infection. The typical course 
of a pneumococcal conjunctivitis occurs more often in epidemics than 
in sporadic cases, and many authors (<'.,'/., Pollock) who have only 
seen single caees have never had the opportunity of observing thie 
critical course. 

In sporadic cases, however, it is often so obvious that Junius, 
GifTord, Gonin, and Kauenachild were able from it to establish a pro- 
visional diagnosis in the great majority of their cases. This is more 
often possible in districts where Koch-Weeks conjunctivitis does not 
occur ; while in those districts in which both forms are plentiful 
greater caution must be observed, as of course an etiological diag- 
nosis from purely clinical observation can only be called probable. 

In my experience a chronic pneumococcal conjunctivitis is rare ; in 
such cases we must carefully examine for a dacryocystitis or dacryo- 
stenosis, which is secondarily affecting the conjunctiva. Scholtz and 
Vernier report that they have found chronic cases rather more fre- 
quently. In connexion with this diagnosis, the facts given on 
p. 112 (the facultative producers of conjunctivitis) must be carefully 
considered. 

I was able to demonstrate that a disposition for children occura in 
many epidemics, as, for example, in one village very many children, 
but not a single adult, were affected, although the latter took no pre- 
cautionary measures, and often came in contact with infected material. 
In this sense, therefore, pneumococcal conjunctivitis is a disease of 
children. This peculiarity does not, however, occur in all epidemics, 
and adults are sporadically affected no less frequently. Junius and 
Hauenschild confirm this. It is worth noting that no large epidemics 
have yet been described amongst adults, although such are often 
caused by the Koch-Weeks biicillus. 

It appears not improbable that a definite coiijunctlval immunity to 
Pueiininrorci generally occurs amongst adults. 

It is quite estabhshed that a very superficial false membrane can 
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occur ; severe pseudo-membranous forms due to Pueumococci alone 
are rare. Croupous and diphtheritic forms have been described by 
Wagner, Pes, Gonin, Morax and Petit, Fruginelli, Kimpel, and Hertel. 
A lid abscess occurred in Fruginelli*s case. 

According to the observations of Bardelli, Axenfeld, and Rymo- 
witsch, an iritis from absorption of toxins can be associated with a 
pneumococcal conjunctivitis, and that without any affection of the 
cornea. Gasparrini, who saw quite a large proportion of severe cases, 
states that the iritis frequently occurs at the beginning of the affec- 
tion ; Rymowitsch agrees in this. Those cases in which severe pain 
and swelling of the pre-auricular gland occur resemble the clinical 
appearances of the * lacrymal streptococcal conjunctivitis ' described 
by Parinaud and Morax. I can confirm the statement of Rymowitsch 
that the iritis can outlast the conjunctivitis. 

Although a pneumococcal infection of the cornea (ulcus serpens) 
is very common after slight injuries, it is very rare in a true pneumo- 
coccal conjunctivitis. The experiments of Coppez show that pneumo- 
coccal toxin has very little or no influence on the intact corneal 
epithelium ; in the absence of any casual injury, therefore, the oppor- 
tunity for the organism to settle down can only rarely occur. 
Gasparrini, Gifford, and Junius often saw so-called catarrhal infiltrates 
and ulcers. Severe suppurations rarely occur (Gasparrini, Wagner, 
Hertel), Oertzen described a severe wound infection from an inter- 
current conjunctivitis. 

The great importance of pneumococcal infection of the conjunctiva 
in the new-born infant, previously asserted by Morax and Parinaud, is 
clearly shown in the works of Axenfeld, Groenouw, von Ammon, 
Lundsgaard, and Schmidt-Rimpler. These observers agree that this 
catarrh is considerably milder than that due to the Gonococciis. 
Severe cases of blennorrha^a neonatorum, due to PncuimHocci, are 
certainly very rare (Gasparrini). 

In trachomatous countries records by Gasparrini, Gifford, Junius, 
Lakah, Khouri, and Rymowitsch show that pneumococcal con- 
junctivitis may be associated with trachoma, making it acute or 
chronic. It is, however, peculiar that in a country (Egypt) where 
trachoma is so frequently combined with Koch- Weeks infection a 
mixed infection with I^iicninoanri is so rare. The preference of pneumo- 
coccal conjunctivitis for cold climates is also remarkable. 

The formation of follicles in pneumococcal conjunctivitis has only 
rarely been observed (Axenfeld, Junius). When they occur in large 
numbers, as a rule they have existed previously, and the appearance 
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resembling trachoma ie not due to the pneumococcal infection 

iiiorie. 

Gasparrini haa stated that a trachoma is improved by the occur- 
rence of a pneumococcal infection. Ferri recommends inoculating 
the conjunctiva with I'li.nmororri in the trentment oE trachoma. 
Eymowitsch is of the same opinion ; Yip. hoped in this way to found 
a bacterial treatment of trachomn. We cannot j"et eiiy whether thia 
expectation will be generally realized ; Gifford and Junius, who often 
saw thia combination, record no improvement from it. The l'iii'iiin"<<nriin 
must have some special curative power on trachoma, for the other 
secondary infections, especially the common ones due to Koch-Weeks 
bacilli or Ominnirri, cause no appreciable improvement in the griinular 
condition. Augstein considered thiit there was an antagonism be- 
tween trachoma and J'lu-iimonirri, to the extent that the trachomatous 
cornea is much more resistant to that organism. 

Infection. Susceptibility. 

Inoculation of pneumococcal conjunctivitis on animals is only rarely 
successful; Gasparrini reports positive results after scarification of the 
conjunctiva. L'hthofE and Asenfeld saw severe conjunctival inflamma- 
tion develop on one or two occasions after corneal inoculation. In 
general the rabbit's conjunctiva is very slightly susceptible, as the 
negative results of Koeldeke's experiments show. 

A pathogenic significance of the i'ii-'i'iii"<'"i-i-iin for the human 
conjunctiva is, nevertheless, quite compatible with these findings. 

Contagiousness can be inferred from the occurrence of epidemics 
characterized by the presence of large numbers of I'lirnmi'C'o-i in the 
secretion. Heiinite proof is furnished by Gifford and by Pichler, who 
both obtained tbe same appearance in the human conjunctiva by 
inoculating with pure cultures : along with their results we have also 
those of Hauenschild and Veasy, and the four positive inoculations 
which Eanziger and Silberschmidt obtained with attenuated cultures. 
The last-mentioned authors produced in one case a typical con- 
junctivitis by the transference of secretion. 

Pichler gives no details of his inoculations. At first Gifford obtained 
no results with aerobic cultures, but with anaerobic, as also with 
secretions, a conjunctivitis occurred (Hauenschild obtained similar 
results) ; the incubation period was forty-eight hours. According to 
Halle, the incubation period sometimes appears to be longer than 
this. He observed the onset after seven days, in a doctor whose eye 
had been infected with empyiemic pus. 
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These positive inoculations are opposed to Axenfeld's results : in 
eight inoculations with secretion he obtained no reaction, as also in 
one case in a child. The fact is thus demonstrated that a definite 
personal variation for susceptibility occurs along with this contagious- 
ness. The possibility that many secretions may not possess the power 
of producing an infection in other persons must always be remembered, 
as was shown by Gififord on his own conjunctiva, which was susceptible 
to infection, although an inoculation a short time previously with 
a secretion produced no result. 

This variation in contagiousness is confirmed by the frequent 
occurrence of isolated sporadic cases, which do not spread in spite 
of the fact that they have a profuse secretion and abundant oppor- 
tunity for contact. The exemption of adults in many epidemics is 
also due to this factor. 

Many people have Pnciimococci on their normal conjunctiva. A 
conjunctivitis, therefore, like a pneumonia, may result from an 
increase in the virulence of the organisms already present, or from a 
lowered resistance on the part of the patient. The * chill ' so often 
recorded in these cases may in this way have some determining 
influence. 

We have, therefore, on the one side, the possibility that the disease 
is the result of a form of self-infection ; on the oth^r, the certainty 
that the secretion is definitely contagious for the conjunctiva, though 
not by any means so much so as that from cases of Koch- Weeks, 
gonococcal, or diplobacillary infections. 

We cannot yet say to what extent a single attack of pneumococcal 
conjunctivitis will produce immunity. Gififord inoculated himself with 
a positive result, but after a few weeks was unable to repeat this. In 
his case, however, an inoculation previous to both of these had had no 
result, though then he must have been susceptible. A complete proof 
of immunity would have required a positive result to have been 
obtained in some other individual with the last used inoculation 
material. Such a test would have been of great interest. 

Finding's in the Secretions. 

Plate II., Fio. //. 

PncmiKK-occi can, as a rule, be found in enormous numbers during 
the progress of the disease to its height. They are typical in shape, 
and occur in pure culture, especially in the small flakes of pus ; they 
tend to lie in the cells, but are also found free. They differ from those 
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found in pneumonk^ sputum in that the capsule is not so obviouB. 
Although many of the I'i}tl"ri>cci may be round and short, we never 
fail to find large numberw of the typical elongated forms, from which, 
in a Gram-stained slide, a certain diagnosis can be given, and a differen- 
tiation from other Iiipl-roa-i {Gonncm-ci and .SI<ii>liiil"C'iiri) readily made. 

As Boon as the inflammation begins to Bubaide, the Pifumocucci, 
which previously were often in pure culture, rapidly disappear ; the 
xerose bacilli &nd Slaplii/himfri become again more obvious, and as the 
secretion diminishes, may appear in enormous numbers. 

Mixed infections with other organisms known to cause conjunctivitis 
are not common. When a pure conjunctival secretion ia taken at the 
height of the disease, pure cultures are often obtained. Monix states 
that mised infection with diphtheria bacilli is relatively common. 
Lundsgaard microscopically examined a piece of the conjunctiva 
which he had excised, and found a diffuse leucocytic infiltration. 
Piieiiwiii-oiri could also be found in the superficial layers of the 
submucoBa. 

In cultures the bacilli present a characteristic appearance ; the 
tendency to the formation of chains is well marked (Kruse and 
Passini use the term ' Sli'-jiltirnmiK of the conjunctiva'). In cases 
where the secretion preparation is not typical the differential diag- 
nosis from St !■•■ Ill' <•■•«■•■ II H [iiii'iiviivn may present difficulties ; this has 
been emphasized by Luudsgaard. 

Morphology and culture of the l)ij>h>ai<riis imr.umonue {Diplococcii* 
iattceoUitiig, Frankel-Weichsetbaum's DiphvoiriDt or Pneiimocm-cini, 
IHpiococctin of sputum septicemia). 

The lUphnmci are arranged in pairs, and generally elongated; 
the typical coccus is slightly pointed at its ends, forming a lancet 
shape. Every secretion preparation will show some such forms. 
We also find short, more rounded Iiij-lnomi, and here and there 
sViort straight chains of variously shaped members, sometimes also 
short bacilli, and occasionally single large involution forms. Their 
size is very variable. Where the Pii'iimiwiri are in large masses, 
which is especially the case in the tissues, the individual cocci do not 
lie so closely together as do Slaphyh-i'Xfi or Stiriitorncci, on account of 
their capsules, which keep them apart. The capsules, as a rule, are 
clearly seen when the preparation is stained with a simple aniline 
dye and examined in water ; they are less well seen in a conjunctival 
secretion than in other secretions. When stained with Gram, with 
which they are positive, the capsules are less well seen, and in 
Canada balsam are pructicall; invisible. 
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Piifiiimococci will only grow at a temperature over 22° C. ; their 

optimum is 35° C. They require a faintly alkaline medium ; different 

Btraine vary in their Bensitiveness to acidity. The media muat be 

moist and not too old. On agar and blood-serum the coloaies are 

seen as fine, clear, round 

Burface drops, faintly 

opalescent in transmitted 

light ; sometimes tfaey are 
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FROM A Babbit's Ikocd- 
Pnbchococcal lated Corxba, showiks 

Involution P'orms. 

minute elevations resembling colonies of StirptiM-'X-ci, but not so sharply 
marked. In a few days the colonies may become practically invisible. 
Single colonies of I'liriimiKocvi on moist media may be bo slightly raised 
above the surface that their presence can only be demonstrated by ex- 
amining the surface moisture which has been removed with a platinum 
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loop. (In order to increase the bacterinl contents of such material, 
Romer has recommended that it he first put into a mixture of fluid 
blood-serum of a young rabbit with one-third its volume of glycerine.) 
It often occurs that many agar media which are otherwise quite useful 
cannot be used for I'lunmocon-i. \Vhen obtained from the conjunctiva 
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the organism appears to be more refractory in this respect than when 
it 18 obtained from pneumonic sputum ; in the latter case more fluid 
of humun origin is transferred to the medium. Carefully prepared 
serum agar (ascites, etc.) and blood-serum are very good media. 

In the incubator cultures usually die out in a few days. Under 
antierobie conditions they usually live longer, and retain their viru- 
lence ratfaer better, though even then it rapidly diminishes. The 
same is true when the organism is kept in an ice-chamber. They 
live longest when in sputum or other organic material, even it it be 
dried. In bouillon only a very slight cloudiness forms, and this very 
rapidly clears again. In grape-sugar bouillon, growth is freer, with 
the formation of acid ; it does not, 
however, last long. 

The morphology in cultures corre- ____^ 

spends to that in secretions ; the 
variations are, however, more marked. 
Growth in chains occurs much more 
freely in some strains, especially if 
they are taken from bouillon or from 
the condensed water of solid media. 
In such cases the difTerentiiition from 
^treptivorciiH jii/niiviii-n may be very 
difScalt ; hence the designation by 
Kruse and Fassini, ' Slri-iitoi-on-iig of 
the conjunctiva.' Well-marked cap- 
sules are sometimes formed around 
the chains. The variety of Stirjitn- 
cocciiM described as Slrr/iloi-'wi-mt miicoi 

such pneumococcal strains. The discussion on this (gueation is not yet 
concluded {see Znifr. f. Bukt., 1906, sxxviii., Ref., pp. 176 and 66S, 
etc.). Some time ago I obtained a particularly marked example of 
this variety in a culture from an ulcus serpens (see Fig. 34). 

Wirtz' found an orgaoism on the conjunctiva which abowed ail the pecnliarities 
o{ the Slrcptnroccui miirosva given by SchotlmilUer and Schuhmocher, but had 
no elongated forms. This orgBQism was obtained from an old case of trachouia, 
which had peculiar i^lutinous niaaseB of secretion, aUiiont cell-fri^u, and so adhexive 
that they could ba drawn out into threads like elastic. The conjunctiva appeared 
to be in a state of verj alight irritation ; still, the secretion remained chronic, and 
the cose became complicated bj a verj severe corneal ulcer, Dti)loi:<irri were 
found in the secretion : thej were round or slightly Uatlened at their points of 

' lie ' Con|unotivitiB nith > 
£■. Af. /, A., OctoWr, 1901), ' 
be found. 
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contact, and wore never elongated. The cocci were Gram -positive, and had 
wide baggj- capsules, which were easily stained by the methods of Klett or ot Heim. 
OultureB.— Bluish -grey colonies the si/e of a pin's head grow on gelatine at 25' C. 
without lii^ue fact ion. In houillon a alight transient opacity, aoconipanied by a 
Blight slimy deposit, occurs after twenty-four hours. Growth is better in grape- 
sugar bouillon ; in blood bouillon the blood siiiks in clumps to the bottom, with 
partial hemolysis. On agar ^ey colonies grow to the size of a pin's head or larger ; 
these, when they are closer together, form « slimy scum on the surface. Blood- 
agar clears in the vicinity of the iDdividual colonies, and takes oti a greenish calouc. 
Od blood-serum growth Is analogous to that on agar, but is not so vigorous. The 
beat growth is obtained on litmus-nutrose agar. Milk coagulates in four ditys. 
Litmus lactose becomes slightly red in forty-eight hours. On potatoes no growth. 
No gas formation. Anaerobic growth is good. Cultures kept moist retain their 
vitality for a lont; time. Pathogenicity for mice is very considerable : O'l c.cm. of 
grape-sugar bouillon killed a mouse in twelve hours, with serous efiusiona and 
enlargement of the spleen. In the blood and in the exudate capsulated Dijilococci 
at varying size and cocci in short chains were found, but no lancet forms. 





A dmwing from a prcjiaratiou by W'iit 



ere seen ; these Wirtz held to be cocci 
f dividing. In cultures the capsules « 



1 close apposition, 
re best shown b^ 



Occasionally thick rods ' 
young forms in the act 
Qiemsa's stain. 

Wirtx states that in secretions and in the blood the absence of lancet forma 
diHerentiates this organism from the PneumiKOfcvi. However, he rightly statea 
that in cultures the distinction is more difiicult on account of the tendency of 
many strains of Pneiimocncci to grow in chains. The Slrrplinoccua wucdSMs grows 
best on grape-sugar bouillon and litmus-nutrose agar; it forms large colonies on 
agar and on serum of a clear gelatinous consistency (this occasionally occurs with 
the PnfluHioi'oerMM). The method of differentiation by means of blood media, 
emphasized by Sohottuiuller, is of no use when dealing with this variety. 

Seeing that the Strepfococciis miicoaiis is considered as the pathogenic agent in 
many cases of intiammation of the lungs, sepsis, meningitis, and otitis media, and 
as it had considerable pathogenicity for animals in his case, Wirtz considered it to 
be the cause of the peculiar secretion, and recommended that this organism be 
looked for in all these cases. As the allied ' Leukonostoc ' sugar became gelalinouB, 
Wirtz considered whether a secretion particularly rich in carbohydrate might not 
be present in his case. Mucin was, however, only present in very small amount. 
and sugar tests wore quite negative. The Slrei'torfccui mucoeu* did not produce 
a slimy reaction when tried in various sugars. In the nose and in the throat ol 
healthy individuals the Utreptococcut inucomn is sometimes found. 
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Bupprecbt ' hcui lately recorded a double-sided case of conjuoctivitU ia nay own 
clinic where a. severe corneal aappuratioQ occurred, tbe cultiurea being pure 
Streptororei. The cultures corresponded ihroughout to the Schottmiiller type. 
In the secretion a differentiatiou from the Pneinnncficrm was not possible, as 
elongated ZJijiZix-cirri occurred with the round encapsulated cocci and cbeins, though 
on media which was quite suitable for the growth of Pneiinu\Pi>epi only the 
Strepti>eoci:u» mucoaut grew. In the heart blood of a mouse inoculated with a 
pure culture of Streptococcus inucosua the elongated forms were not entirely abeeaL 

Bupprecht has lately made the same observations in pus from a cane of dacryo- 
cystitis, so that I can definitely assert that morphologically the so-called 67 re/ifo- 
citopni mucotn* caoDOt be absolutely diatinguishcd from the PnEitmucncciis. 

I am strongly of the opinion that the Streploaii-cas mui'oiiu should be merely 
considered aa a variety of the Pneimiococcui. The type is rare in the eye. 

The view that the Streplocoeoui mueoiu» is really a Pneuiiwcocciui is increasing, 
and Levy (FircAom's Arehive», 1897, Bd. cUxxvii., Heft 2) states that he prefers 
to nee the term Pneumocoeeui jHUciitus, an opinion which I consider justifiable 
(i/. Cent. f. Bakt., 1907, xsm., p. 552: Duval and Lawiaf. Thy fact that after 
long cultivation Loncope, Beitske, and Bosenlhol observed the development of the 
ordinary oharacteristics of the P7\eiimococciis in a mucosus strain, is strongly in 
favour of this view. In other cases this change could not be obtained (Schleuer, 
Cent. f. Bakt., 1907, Orig,, xliii., p, 832). Romer abo records such transition. 

It is noteworthy that fluid cultures of the Slreploeoeoia mucotus, like tbe 
Pneumococcus, are cleared by bile or sodium taurocbolatc, while thoae of Strepto- 
roccw ityogenei are not. 

When a strain abowB the typical lancet-shaped Diphtiviri in a secre- 
tion or blood-film preparation, the fact that it grows in the form 
of chains does not affect the diagnosis of Puriniiuaifriis. The most 
certain test ia the inoculation of an animal, and finding in its blood 
the typical I'luiniuinii^i. Pathogenicity for mice is not a certain test, 
as it occiiHionally occurs in Slrcfitniori-i. 

When we have growth occurring on gelatine at room temperature, 
it will generally indicate a Stn-jii>>,-inTiix, but there are Sfiriitocorri 
which will not grow thus. It is only very rarely that Piifunturoccitii 
strains become adapted to growth at room temperature. Human serum 
not heated is almost always coagulated by the action of I'lieiuiuiciiccim. 

I'luiimtuo.ri in bouillon are dissolved by the addition of a few drops 
of taurocholate of soda ; the liquid becomes clear. Streptiwocri, on 
the other band, are not affected by it. This was first discovered by 
Neufeld, itnd has since been confirmed in my laboratory by Weekers. 
Tbe method of differentiation by means of tbe fermentation of various 
sugar media (dextrose, maltose, lactose, saccharose, mannite, dextrine) 
is not absolutely certain. 

Norris, Charles, and Papenheimer^ state that fermentation of His' 

' A'. J/. /. A., 1907. For ' Mi'taalatic Oplitlialmia from ^trtploaxcia uiufsua,' B.;t 
Pagcostechet, K. M.f. A,. ISOfl, ii. 

" Jonr. <il Expcr. Med., 1B05. Vol. vii.. No. 5. 
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inulin-water (1 part 1 per cent. inuliD-serum and 3 parts water) only 
occurs with Ptwumovocci ; there are, however, Diphcocvi without cap- 
sules, with a tendency to the formation of chains, which can ferment 
inulin. 

Many agree with Schottmiiller that growth on blood -agar is 
decisive. On this medium the pneumococcal colonies are surrounded 
by a greenish area, while around Streptococcus pyogenes a clear area 
(haemolysis) occurs. 

In ophthalmic practice we geoerally examine a smear preparation, 
and the difficulties which we have mentioned rarely come into the 
question, unless, perchance, we have to deal with a mixture of Strepto- 
coccus and Pncumococcus. 

The agglutination test does not furnish a specific differentiation 
between Pneumococci and Streptococci^ for the individual strains of 
Pneumococci present considerable differences in this respect, and by 
no means always agglutinate each other. Frankel and Kindborg^ 
state that agglutination is only specific for the particular strain 
from which the serum has been derived. Although K. Scholtz did 
not find a very rigid specific difference for Pneumococci from ulcera 
serpentia, still he did find strains which either failed to agglutinate 
others or did so only very slightly. Experiments with active and 
passive immunity show similar results. 

The virulence of Pneumococci is very inconstant^ {vide supra). In 
cultures obtained from the eye it is, on the average, less than in those 
from sputum, and even in the first generation a fatal inoculation 
cannot be made on rabbits. The infected condensed water of a fresh 
culture (naturally a pure culture) appears to have the highest viru- 
lence. By passage through a mouse most strains can be exalted, 
though by this means they lose their pathogenicity for man (an 
important consideration in the preparation of sera). 

Cultures of high virulence inoculated into rabbits and mice pro- 
duce a rapid septicaemia, even when inoculated into the eye. Less 
virulent strains produce local suppuration. A typical ulcus serpens, by 
the inoculation of a corneal pocket, could only be produced in apes 
(Eomer), not in any other animal. 

liteeature;^ 
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"^ Cf. the general literature on 'Conjunctivitis,' p. 118. 
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SECTION 4.— PSEUDO-MEMBRANOUS CONJUNCTIVITIS. 

DIPHTHERIA BACILLI AND THE SO-CALLED XER08E 

BACILLI. STREPTOCOCCI VARIOUS ORGANISMS. 

Recent researches unanimously show that the bacterial findings vary 
with the varying intensity of pseudo-membranous conjunctivitis. The 
formation of a pseudo-membrane is a symptom occurring in various 
forms of infection, though it must be admitted to especially indicate 
the presence of either Loffler's diphtheria bacillus or the Streptococcus 
pyof/cnes. The variations of the clinical appearances in relation to 
bacteriological findings are fully set out in the monograph by Coppez. 
As the result of experiments and microscopical examinations, Sourdille 
states that the same chemical agent can produce any degree of re- 
action, from a slight catarrh to a croupous membrane with severe 
diphtheritic necrosis, according to its amount, concentration, and time 
of action. 

The presence of diphtheria bacilli or Streptococci is always sug- 
gested in slight cases of croupous conjunctivitis, as well as in those 
severe forms which clinically have that peculiar diphtheritic ap- 
pearance. Croupous conjunctivitis can be quite well distinguished 
clinically from diphtheritic conjunctivitis (Saemisch, Zur Nedden, 
Christ); etiologically, however, this distinction does not hold good. 
The clinical diagnosis, therefore, requires amplification by examina- 
tion of the secretion. 

A clinically mild croupous conjunctivitis can be associated with the 
presence of virulent Loffler's bacilli. This has been definitely estab- 
lished by the important works of Sourdille, Friinkel, and Uhthoff, as 
well as by the less well-known previous works of Gallaemerts (1891) 
and Deyl (1892), and has been since confirmed on all sides (Schirmer, 
Vossius, Coppez, Gosseti-Jona, Jessop, Sidney Stephenson, etc.).^ 

The differential diagnosis of the diphtheria bacillus and its relation 
to the so-called BacilbiH xerosis requires further statement. 

Loffler's Diphtheria Bacillus (Corynebacterium Diphtheriae 

Lehmann-Neumann) . 

(See Plate A, Fig. V., a and b.) 

Morphology. — Rods of variable length, 1*5 to 8 /t and over, of an average breadth 
of 0'5 to 1 /< ; sometimes also intermediate forms, which are spindle or lancet 
shaped, the smallest forms often pointed at one or at both ends, tlie longest ones 

' Full statistics in Axcnfold, * Makt. dfs Aug.'; Lubarseh-Ostcitag, 'Ergcbuisse,' 1894- 
1900. 
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more often with club-shaped ends. This thickening at the ends in the form of 
a club is very characteristic, and is especially well seen in cultures. The rods axe 
often curved, especially the longer ones. The bacilli are generally arranged parallel 
to each other, clustered in a radial manner so as to form irregular rosettes, or else 
crossed. Their form and size varies, and a differentiation of the organisms according 
to their length (* bacilles longs,' * baciUes courts '), and thus an estimation of their 
virulence cannot always be carried out. 

The same strain can vary in form, according to the medium and the length of time 
it has been cultivated. In culture long threads may form, often with club-shaped 
ends ; these may stain segmentally, and so resemble chains of cocci. Many strains, 
especially when grown on egg media, show definite branching (Frankel). These 
branching bacilli may resemble Actinomyces, (It was the occurrence of this branch- 
ing which suggested the name of ' corynebacterium.' Lehmann and Neumann 
bring the glanders bacillus and the bacilli of the diphtheria group together under 
this name). Del Monte considered that the bacilli of this group belonged to the 
group of the Strejytothrix. 

In a preparation from the secretion of a diphtheritic conjimctivitis variations in 
the form of the bacilli are of some diagnostic value. Cases do occur in which the 
slender forms, with swollen ends arranged parallel or in Y-form, so predominate 
that the experienced observer, when polar staining occurs, can give a probable diag- 
nosis of 'true diphtheria' from the smear alone, as the non-yirulent Bacillus xerotic 
does not occur in this form. In this connexion it may be of interest to compare 
Fig. IV. on Plate I., which is drawn from a true diphtheria of the conjunctiva (proved 
by inoculation), with the five drawings of the Bacillus xerosis in secretion, which 
are to be found on Plate I., Fig. I. ; Plate II., Figs, IIL and V, b ; also pp. 7 and 14. 

In other cases, as shown by the figures in the text, the form may so vary in one 
and the same preparation that from a mere examination of a slide it is impossible to 
make even a probable diagnosis between Bac. diphtheriie and Bac. xerosis. In the 
former, according to my opinion, the slender forms are never entirely absent, though 
the larger irregular ones may preponderate. Fig. VI. a on Plate I. is drawn from 
a case of true diphtheria of the conjunctiva, though it could equally well represent 
a secretion with the xerose bacilli. Inoculation alone can decide the question. 
Morax definitely claims that it is possible to diagnose the Bacillus diphtheria; from 
the smear preparatiou. It is certainly true that the expert is often right in the cases 
mentioned, but in other cases the actual form of the bacilli is not diagnostic, and 
is never an absolutely certain criterion. 

Cultures. — The diphtheria bacilli grow best aerobically. Growth occurs between 
the temperatures of 20' C. and 40° C. ; best from 8H- C. to 37 C. 

LotHer's blood-serum and asciien agar are the best media. 

On gelatine growth is scanty and not characteristic. 

White or yellow j^listcning colonies grov/ on gli/cerine agar; they vary in size, 
are transparent, circular with ragged edges, and coarsely granular ; they are 
brownish and darker in their centres. Old colonies become crumbly, opaque, and 
show darker patches in their interior. Other colonies from the first appear denser 
and more finely granulated, especially when they are grown on ascites agar. In 
exceptional instances they may develop other colours. 

On LotHer's hhuul- serum development is more vigorous tlian on agar. 

In h(fuill(>ii a fine dusty deposit occurs at the bottom and sides of the tube, or else 
a fine llocculent mass at the bottom. On the surface a fine skin of variable tliick- 
ness forms. The bouillon becomes acid and after a few davs a<-'ain alkaline. 

In vtilJ: growth is free, usually without coaj^ulation, and with an amphoteric 
reaction. 

On alJ:alinc jntfatves a thin sliining lihii develops ; it is rarely thick. 
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When kept cool and in the dark, or hermetically sealed m an incubator, diph- 
theria bacilli retain their vitality for many montha : they have coneiderable powers 
of rcsiHtance agauist drynesa and cold. Moist heat, on the contrary, kills them at 
60° C. very rapidly. 

The developtncnl of acidity in buitillon is beat demonstrated by litrution with 
1 iu 40 normal caustic soda (phenolphtlialem ub indicator) ; it eapeoially occurs 
in sugar bouillon. For oulturea in 1 per cent, au^ar bouillon twenty hours old 
Lobmonn and Neumann used 8 c.cm. caustic aoda; forty houra old, about 6 c.cm. ; 
and for cultures iu btiuillon without sugar about half these amounts. 

The passage of toxin out of the bacilli into the bouillon only begim with the 
cessation of acid formation. Old cultures, therefore, after filtration show typical 
toxic activity ; freah twenty-four-hour culturea do not, unless containing the bacilli. 

Staining Beactions. — The diphtheria bacilli atain very intensely by Orum's 
method, !t has been stated that old degenerate bacilli lose tbeir colour. This 
has no practical importance in diagnosis, and when examining fresh cultures we 
con, with absolute certainty, rely on obtaining an intense colour with Gram's stain. 
I must agiun emphasize the fact that an even staining with this method can only 
be guaranteed when the material has been evenly spread out. In places where 
eluaters of bacilli lie in dense luassea of secretion the deeply-placed bacilli are often 
unatoined (Ihv sauie is true for xerose bacilli). 

Intensely stained with Gram, the younn small bacilli appear of an even colour; 
in the older and longer forms a more intense ataining occurs at the poles. Seg- 
ir granule formation, occurs in the large club-shaped massos, and narrow 
s alternate with clear intervals (zebra staining). This segmentation 
i obvious in cultures and with LoHler's methylene blue or Roux's 
c p. IT). The Babes-Ernest bodies*, acgmenta, or polar bodies then 
violet 1 when I-cHHer's method is used the intervals ore either light 
blue or unatained, and when Roux's is used they are light green. The lung rods or 
threads, especially obvious in involution forms, may be taken on superficial e 
lion to resemble Strepioeneri. 

The granulcB are hret formed at the poles, and ore i: 
situation ; they are best displayed by M. Nelsser's stain (a( 
-Bismarck brown).- A preparation is to be considered ai 
diagnostic when the bacilli have Ibe typical slender form, ai 
teristic manner, and at the ends of their yellowish -brown bodies 
in their intermediate parts — show dark blue granules 
but in every example. 

In neuretiun preparations this method may give very good reaulta. and in such 
cases a probable diagnosis of diphtheria ia justiliable. On the other hand, a negative 
result with Neisser'a atain in a aecretion preparation is of no value in the opposite 

According to M. Neisser, the following conditions are necessary for the diagnostic 
value of this method: the cultures must be fresh, of the first generation, and grown 
on good Loffler's scrum at a temperature of S4" to i)6" C Cultures which in nine to 
twenty hours ahov^ the typical ataining and typical form were considered by him to 
be true diphtheria. Older generations, after longer propagation, do not conform to 
this rule. It is important to have a good Lodler'a serum, and to make certain that 
this is the cose every new batch of tubes should be tested with on inooulation of 
true diphtheria. 
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nearly related to the (ri 
them, only they have 
term ' paeado-diphtheriA bacilli.' 

The type which wan tirst deecnbed under this nauie by Hofmann and LufHer, and 
for which we now genernlly reserve the title ■ psendo^iphtheria bacillos,' is a, Gram- 
positive bacillita, which grows somewhat thicker and Rhorter on serum, and has rery 
slight tendency to the (orntation of club-shaped bodies or lo aegmental ""niniiig 
The rods t«nd to lis parallel to each other. On blood-serum, and still more on 
agar, it grows much more ngoroualy than the dipbtherin bacillus. 

Growth rapidly spreads over the smi^ace of the media in the form of a thick 
greyish-white scum. I>ater the agar often becomes brown, (irowth ia more 
vigorous on potatoes, where a, dry, uneven scum forms. A dense diffuse opacity 
develops in bouilloo.aiid iu a few days a deposit, much more profuse and thick than 
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that formed by the diphtheria bncillus. In ordinary bouillon there is either no acid 
formed, or else so little that the reaction remains alkaline sa a rule ; on the 
second day the alkalinity increases iwitb tlie diphtheria bacillus the media become 
strongly acid). In sugar bouillon the acid formation is much less. On ^l&tine 
at 1H° C. free growtii takes place without liquefaiition. Neis-ier's grsjiules either do 
not stain at all m blood-serum cultures of nine to twenty hours, or do not do so in a 
typical manner. 

This bacitluB is quite avirulent for guinea-pigs. (Uawlett and Enight claim to 
have transformed this organism, by passage through animals, into virulent diph- 
theria bacilli, and al»o report that, by careful warming, they have produced the 
Hotmanii-LotHcr bacillus out of the virulent diphtheria bacillus. Un fortunate! v, 
they did not test whether diphtheria antitoxin influenced the action of the orgaDisma 
after they had become virulent.) 

Ab a matter of fact, bacilli showing the characteristics just mentioned are so far 
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removed from the typo of the LiitHer's diphtheria bacillus that thej can at once be 
differentiated from it. 

Tliese forma are often found in the mouth, the throat, and the nose. Ou the 
conjunctivn they are not so common. 

On the conjunctiva another type of iivirulent bacilluB is much more commonly 
found. It is very siuiilar in ttppeuronce to the true diphtheria bacilluH. many Blraina 
heing identical, though in secretion preparations and in young cultures short, 
thick forms are more commonly seen. Cultures on blood-Kcruni are more scanty 
than those of the true diphtheria bacillus ; the individual colonies are often very 
dry, and adhere so closely to the medium that they cannot be washed away com- 
pletely. In other strains this is possible. Cultures from a hypersmic conjunctiva 
arc generally more vigorous than those from the normal conjunctiva. In cultures 
from many normal conjunctivie the colonies only begin to appear after several days. 

On agar thf colonies from the normal conjunctiva as a rule are scanty and dry. 
Their margins are serrated ; like those of the true diplftheria bacilli, under a 
magnification of 60 the colonies appear freely granular. They vary greatly in she : 
many strains, when grown on agar, do not form colonies larger than the head of 
a pin ; others are slightly larger. They never 
approach the colonies of the Hofmann-LJililBr 
bacillus in size. This typ« of non-virulent 
bacillus, nitb its scanty growth, presents 




. 40.— Xerosis Colonies. Fig. 41.— HoFmsN-LbiTLBR 

KigB -10 nD'l 41 am of tli? same miiguillcatioii. 

features which are ijuite the opposite of those of the Hotmaun-LiifHer organism. 
Lchmann and Neumann and others have given it the name Baeilliia reront, and 
Heinersdorff recommends the name Bm-illuit vulgarit pneudn-diphllierij^ui ron- 
junclioa;, because he found it the most common inhabitant in the conjunctiva. 
Undoubtedly numerous strains of both types have been observed, which have retained 
their peculiarities under varying conditions and after long cultivation, or, at most, 
have lost them to a very slight extent. 1 once cultivated a series of thirty strains of 
the Baciilua xeroaia type for a long time without lindiiig any appreciable change. 
Such strains tuust at least be classed as a variety. 

As an illustration of these different peouUarities, colonies of the game age (five 
days) and at the same magnification ha\e been photographed : (a) from two strains of 
poorly growing xerosis ; {b) from the Hofmann type. All three were obtained from 
the conjunctiva. 

The growth in bouillon so far resembles that of the diphtheria bacillus iii that the 
bouillon naoally remwns clear, while small punctate deposits occur on the sides and 
bottom of the lube ; these can be shaken up, but soon sink again. The roost 
sparsely growing struns grow less freely than the diphtheria bacillus. The n 
of the B. xenn* geneially is not acid. 

18—2 
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Oil gelaliiie at 18° C. growth almoBl never occurs ; fit the very most, we may find 
hero and there the Bcantieet traoea along the needle traok. 

There ia no (general pathogenicity for guinea-piga, even when Wge doses Rre 
injected aaboutaneously. A few authors (Spronk, C. Frankel, and Pes) hove obtuii«d 
transient swelling at the eite oF inoculation. C. Frankel states that many of the 
aaimala died later from iiiaraamua. In conjunction with many of my atudeats 
((./. papers by Heincredorfi', Bietti, Daut, and Zelewski). I have performed man.v 
inoculations without being convinced that such waa the cose, uoteaa enormous 
doses were employed. These changes and the local reaction to inoculation in the 
eye have nothing to do with diphtheria toxic action. 

There can be no doubt that the two varieties do exist, for the description first 
given by Hofmaim, and since then found applicable to the great majority of the 
avirulent ' paeudo-diphtheria ' orgaDiaitia which occur in the throat, is nut applicable 
to the majority of the conjunctival xeroae bacilli. 

That the great majority — if not, indeed, all — of these organisms show mBrked 
differences in their power of growth when they come from the two chief sites where 
they exist (the eye when they grow sparsely, and the throat when they grow freely), 
appears worthy of note. 

It is still uncertain whether the special nutritive conditions present in particulai' 
persons can develop these differences, or whether one variety llouriahes better than 
the other in some individuals. According to the refiearches of Veillon, both fonus 
are to bo found in the genital tracts in women. 

These differences are very clearly pointed out in the recent works by Sohwonei, 
Gromakowski, Lewandowski, and Tertacb. Quite in accord with my own observa- 
tions, they divide the diphtheria organisms into two groups : (a) growing sparsely ; 
[b) growing profusely. Tertsch itgrees with Schwoner in calling the profuse group 
Hofmann's bacilli ; the sparsely growing group, on the other hand, seeing that thej 
more nearly resemble in their cultures the true diphtheria bneilh, they term 
> pseudo -diphtheria ' bacilli. I cannot entirely support this idea, as the eustom is to 
use this last name for the Hofmann bacillus, as, for example, in Lehmann-Neumann 
and other text-books of bacteriology. It will, perliaps, be sudicient if we cootraat 
the profuse (Hofmann's) with the sparse type. 

The exact differentiation of the varieties which we have described, as also th&t of 
the pseudo from the true diphtheria bacilli, is often complicated by the occurrence of 
variable atraina. Some of these strains resemble each other in one particular or 
another, and others seem to conform to the type of the true diphtheria bacillus- 
Further subdivision according to such criteria would be quite artificial, and 
Lehraann and Neumann arc correct in stating that the subdivision into three 
classes of pseudo- diphtheria bacillus, as, c.g,, by Gromukowski, cannot be carried 
through. 

A classification has been attempted on the basis of agglutination (Nicolas, 
Nicolle, Landsteiner, Lesieur, Bruno, Lubowski, C. Frankel. and Schabad). Wiih 
such a non-motile organism, with a tendency to the formation of ; 
culture, the determination of agglutination would be diflicult, and the results obtained 
did not agree. 

Nicolas, using the serum of convalescent diphtheria patients, succeeded in 
agglutinating virulent strains in a 1 in 10 dilution, and avirulent in 1 in 20 ; but be 
also found true virulent strains which were not thus agglutinated. 

Bruno obtained agglutination with the serum of diphtheritic patients up |o 
1 in 400, but normal serum had the same result up to 1 in 80. With a serum 
obtained by the action of an atoxic diphtheria strain Lubowski was able to 
agglutinate twenty-tlu-ee \irulent and two avirulent diphtheria strains (dilution 
1 in 40 and 1 in tJO), while pseudo-diphtheria strains did not react. Lesiem*, on the 
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other hand, mitb antitoxic serum was able to agglutinate both true diphtheria strains 
and also pseudo loriua. 

The citperiiiients were not conclusive, for a concentrated solution of a serum of a 
definite Hucteriuui is able to agglutinate Bacteria which are allied to it [e.g., typhoid 
aeruui agglutinates B. eolj, and the Gram-negative cocci Interact). We can only use 
highly diluted sera, therefore, for the differentiation of allied etraine, and such dilu- 
tion can only be made with sera of high valency. Sohwoner was able to produce a 
very active serum from horses by treating them first with dead and then with virulent 
diphtberia bacilli. This serum agglutinated the true diphtheria haoilli in a dilation 
of 1 in 10,000. In such a dilution pseudo-diphtheri bacilli did not agglutinate. 

With a serum of this typo, the agglutinating power of which for true diphtheria 
was 1 it) A,flOO, Tertsch tested thirty-two strains obtained from the conjunctiva 
(twenty-three from normal, five from catarrh, and four from xerosis). As many 
Etrains will of themselves settle down, the bouillon in which the organisms are 
must be carefully shaken, the serum added, and then the action observed for forty- 
eight hours. The organisms from two forty -eight -hour -old blood-serum cultural 
are rubbed up with bouillon in a mortar, and shaken till the orgfuusms are in 
suspension; equal parts of the fluid and a 1 in 5,0(10 dilution of the serum are 
mixed. iSix strains from the normal conjunctiva were agglutinated ; all others 
were not. These sii strains were quite avirulont (or anim^, two of them alone 
merely causing a local infiltration. Tertsch considered these six strains as true, 
though avirulent, diphtheria organisms. Morphologically, tbey could not be dis- 
tinguished from the others ; their growth on agar was similar to that of diphtheria. 
Four of the strains which were agglutinable gave positive pole-stM.ning with 
Neisser's method, one of them a negative result, and the other a \'ariBbte one ; 
all the strains which did not agglutinate were negative. All the agglutinating 
stritins produced an acid reaction in bouillon ; the □ on. agglutinating did not. 
Some of the latter increased the alkalinity ; others did not affect it. 

TIacilli also were found which were not pathogenic, but siill were able to produce 
an acidity in bouillon. From ibis we must conclude either that acid formation 
is not a constant point of differentiation between the true and the pseudo bacilli 
(calling the a* irulent strains ' pseudo '), or that those aiirulent bacilli which develop 
acidity are not pseudo-bacilU, but are true diphtheria bacilli which have become 
avirulent. There are even strains which are avirulent, form acid, do not stain by 
Neisscr method, and do not agglutinate, and yet do produce a aniall amount of acid 
(Lehmann and Neumann), The development of aciililif and the aggliiti'iation tt-tft 
are, therefore, tiol abatilute jininle of differentiation. 

A. Knapp (who agrees with Axsnfeld in recognizing several varieties of these 
n on -pathogenic bacilli) compared the fermentative, or rather the acid-forming, 
power of twenty-seven virulent diphtheria bacilli, ten xerose, and four pseudo- 
diphtheria bacilli with respect to senim-water, to which bad been added dextrose, 
mannite, maltose, lactose, saccharose, and dextrine (1 per cent, of each — His). 
diphtheria and xerose ferment dextrose, mannite, and maltose in Che same way, with 
acid -formation and coagulation. On the other hand, diphtheria alone ferments 
dextrine, verose alone saccharose. Pseudo-dlpbtheria bacilli do not cause fermenta- 
tion, and (orni no acid. 

The essential point in the whole question b toxic activity, as shown on the one 
hand by the production of infection and on the other by the eEfect of the curativa 
serum. There is no doubt that virulence is no constant attribute of the bacteria, 
for not only can it vary in intensity, but it can be lost and regained. The occurrence, 
therefore, of avirolent diphtheria bacilli is obvioua and well established. LOtiler 
is right in insisting, before an identity can be established, that the organisms in 
question must l>e suuilarly capable of producing a speoifio characteristic toxia 
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jBtifietl in assuming that this fuacticS 



which enn be demODBtrated. 

latent in the conjunotival xeroee bacilli ? 

There are records of a viiuleot bacilli having been inadi; virulent in other parts 
of the body. Trumpp did this in the case of a bacillus from pleuritic pas by 
mixing it with diphtheria toiin ; he then obtained full virulenoe. We know that 
BoQX and Yerain exalted a diphtheria strain by inoculating it along nitli Nlre/'focvrci, 
Tmtnpp's results itre not yet confirmed, and such a record cannot l>e taken as 
decisive, seeing that the orgoniams in question, though fornieriy virulent, wt^r« 
then aviruleiit, and they were merely again acquiring their virulence, and this 
cannot be taken »s applyinj; to the Ji. jerosie, which may never have been virtilent. 
The symbiosia recorded by lioux and Yersin rather opposes the idea tbnt the 
B, j-eroaia can develop virulence, as these two organiaius {B. xt-roaie and Slrepto- 
cocfua) are occasionally observed together on [be conjuoctiva without any such 
development of virulence. £acherich, however, never succeeded in developing 
virulence in pseudo-diphtheria bacilli by inoculating them with Slreptiicocci. It 
is interesting to note that (ielpke made the aatiie experiments without obtajuing 
any results, 

Doelsch found a B, xerosis which was pathogenic for mice, atid ita virulence 
increased by passage through the animal and further cultivation- 
Such isolated records prove nothing. And it should be noted that pathogenicity 
for mice is not identical with the production of true diphtheria toxin ; neither has 
it been shown that the animals died in the tj'pical way, nor were immunizing 
experiments with antitoxin carried out. 

Nor can we consider the observations of C. Friinkel. Peters, and Schanz of any 
greater importunoe. They report that a long time after the injection of very lorse 
doses the animals died. This need not indicate a diphtheritic virulence in the 
B. xeroiii. Such, indeed, is not death from diphtheria. Antitoxin does not prevent 
such results (Spronk). In conjunction with I3ietti and Naito, and working with 
large doses of 120 different strains, I only once had a fatal result, though that, indeed, 
was a rapid death, as in diphtheria. In this case we had to do with the rare but still 
well'known occurrence of a virulent diphtheria strain upon the healthy conjunctiva. 
De Simon'B experiments, in which he obtained a virulent organism from » 
so-called pseudo-diphtheria bacillus by growing it on tetanus media, is not a proof 
beyond the possibility of error. 

Schanz contrasts the clinical facts that in mild conjunctiviJ catarrh virtilent 
diphtheria bacilli can be found, and in pseudo-mi^mbranous conjunctivtt' 
lent bacilli are often seen. This is very strong evidence against the pathogenicity 
of the diphtheria bacilli, but shows that membranes, etc., are good media for llie 
growth of such organisms. 

That virulent bacilli are occasionally found upon the conjunctiva when it is only 
shghtly inflamed (Wagner, A. v. Eippel, Friinkel, Pes, Sourdille), and even when 
healthy iPllcber, McEee), is not incompatible with their pathogenicity. (InFectioa 
with a virulent strain of o pathogenic Bacterium does not necessarily produce the 
disease in every case, and when the disease does occur we lind shgbt and severe 
cases, depending on llie susceptibility of the individual. 

Further comprehensive series of experiments are necessary to prove whether 
there is any capacity in the xerose hacilli of developing into virulent diphtheria 
organisms. 

Every attempt to immnni/e susceptible animals against the poison of diphther 
by means of the B, j^erosii has so far failed. Gelpke, and also Bietti,' have made 
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such esperimeulB in Inrge series. Treatment for weeks and moQlhs with increasing, 
and finnlly enormou)^, doses of xerose bacilli gave no proteclJon against death trom 
diphtheriii. but ruther accelerated a fatal tenuination. The reaults obtained by 
M. Neiaser, Petrie,' Lewandowski.'-' and others were siiatlar. 

Certain experiments in serum therapeutics have been made lately in the Freiburg 
olinio with reterence Co the B. jiemais. 

Behring holds the view that these bacilli under [avourable conditions can pass 
into the virulent form and produce all grades of toxic action, even wild atypical 
affeotionH, which he calls ' diphtheroid,' from which greater or lass iiuiuunit.v may 
result in the body. 

This would certainly explain the fact, established by Wassennann, that the »^erijm 
of adults, even when they have not suiTercd from any demonstrable diphtlieria, 
always shows a definite action against the diphtheria antiloxin. 

With rektion to these diphtheroid conditions, Gelpke imd Pes tiike the view that 
they are very common on the conjunctiva, and that the great majority of the 
simple catarrhal intlammations, especially the epidemic forms, are really attenuated 
diphtheria. They claim that this can be inferred from the fact that, when tha 
bacilli ore cultivated and inoculated under the conjunctiva, ii slight local inflam- 
mation (cedemai re^ultB, which will more rapidly disappear under the influence of 
diphtheria serum. 

With such bacilli obtained from cases of simple catarrh Crelpke sometimes 
obtained a slight inoculation eonjunctivitis in man. The patients affected had 
previously suffered from scrofulous indouimation of the coJijunctiva, slight incretise 
of which did not represent an acute catarrh. Del Monte, with three such strains, 
obtained a slight traumatic conjonctivitis after superficially wounding the con- 
junctiva. This, however, does not prove a diphtherilk; action, especially as control 
injuries without an inoculation and inoculations on dipht!ieria-immuni/ed animals 
were not carried out. liurge numbers of oxperiments carried out at my inHtigalion 
by Bietti and Naito' have not confirmed this view of simple catarrh. In a hundred 
cases there was only one showing diphtheria bacilli, so that we must admit that 
the hypothesis of Pes is not gener^ty true, (.iromakowski's results were quite 
similar : in sixty strains, mostly obtained from catarrh of the conjunctiva, no patho- 
genicity for animals could be established. In my experience diphtheroid aflections 
in this sense are very riure on the conjunctiva. Behring's serum treatment docs 
not apply to simple cntiirrh nor to epidemic conjunctivitis. 

As we have already said, many diseases liavf been osoribed to the Bnnllua 
xeroait, and some of thoiie who arc in favour of the identity of the organisms, 
especially l>eyl and Hala,' sea in this an evidence that the B. j-erofu has the power 
to produce disease, and that it may be looked on as on intermediate form towards 
virulent diphtheria bacillus. The presence of the B. xerosis in (1) chalazion, 
(2) in the interior of the eye in experimental injection, in wound infection, and also 
exceptionally in metastatic infected cyes,^ comprises the evidence available. 

The statement that the Bacilbii leriiitis is the causa of chala/,ia, those infectious 
tumours inside the tarsus, is based by Deyl on the fact that he found this bacillus 
regularly in the very Brat stages of the chalazia, and by injecting a thick suspension 
of a culture under the skin of rabbits he was able to produce small nodules 
which coniMSled of granulation tissue. When the bacilli were injected into the 
vitreous, a marked inflammation resulted. These inoculation results were first given 

' Jour, of Hyg,, lft05, v, 131. ■' Zeiit.f. Bakl.. lUOl, xxxvi. 336, •■tc. 

■< K-M.J. A., Iil03, -FBilacl., fiir Man/-' 

* Z.f. A.y IWl, vi ; 1903, ii. 107 (see l.cr^ tli^ literature). 
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by Devi, mnd afterwards coafirmed by Hala and Bielti. and are of tntercal, because 
Hala, the popil of Deyl, considered this inflammatary reaction aa a proof of the 
identity of these bacilli with the diphtheria bacilli. The production of ^Hmlmyjf^ 
woaM then be con.Hidered aa a lower grade of pathogenic actiTity in a di|^theria 
bacillos. In considering thia question, it is of interest to decide whether diphtheria 
toxin plays any part in the production of these nodea, and whether Uiey are 
influenced in any way by the action of the antitoxin. In my laboratory Bietti > 
repeated the experiments of Deyl with bacilli which were obtained from chalaana, 
and with other xerosis strains ; the inoculations were made on animals which were 
previously irnmoni;^ed to a high degree against diphtheria by means of Behring^s 
serum. The results of inoculation, both in the vitreous and in the subeutaneoas 
tissues, were the same as in the non -immunized animals. As we were not certain 
whether, in the case of immunized animals, the antitoxin passed into the vitreous, 
we mixed the bacilli with the serum before they were injected. Romer*s' experi- 
ments show that any diphtheria toxin previously present in the interior of the eye 
would be neutralized by such a mixture. 

Even when antitoxic serum was directly added to the bacterial suspension before 
the injection, no variation occurred either in the vitreous or in the subcutaneous 
tissues. It is therefore clear that the diphtheria toxin takes no part in the action, 
and it is very doubtful whether the occurrence of such a local inflammation proves 
anything in the way of an identity, as claimed, with the diphtheria baciUus. The 
same is true for those local inflammations in the cornea and in the anterior chamber 
which Gourfein and Doret produced by the introduction of large doses of bacilli 
which they had obtained from cases of catarrhal conjunctivitis. These authors state 
that bacilli from the normal conjunctiva did not give this reaction, and that an 
increase in the pathogenic activity took place on the conjunctiva when in a condition 
of catarrh. That may be so ; I myself have often noticed that bacilli frona an 
inflamed conjunctiva grow more freely. These local reactions to inoculation, 
however, must not be taken as a proof of the presence of diphtheria toxin. 

It must bo quite obvious that, h*om the point of view of clinical therttpeutics, we 
can expect nothing from the treatment of chalazia with Behring's serum. The 
advocates of identity can test their position by this means on any chronic and 
recurring caseH. 

[AVasHorinann has proved that a bactericidal serum can be obtained with bacilli 
whose toxin has been made inactive. Experiments are already being made by 
this means to settle the much discussed question of the pseudo-diphtheria baciUi. 
Further experiments must be carried out to see whether by this means the infection 
of the so-called chalazion bacillus can be influenced.] 

liietti's experiments show that this production of chalazia has probably nothing to 
do with specific intluences ; he was able by injecting other saprophytes {Sarcina 
(luranfiacfi, liosa hvf<i^ Prodigiomis, and the so-called Pseudoganococcus)^ which 
ho used in large numbers, to obtain the same results. 

Vitreous injections have the same result. In the dissertation of Vogel I have 
arranged a number of experiments to show whether the inriammatory reaction, after 
the injection of xerose bacilli, was influenced by a previous immunizing against 
diphtheria, or (what would be even more decisive) by a previous admixture of 
Behrin^'s serum. Tliis was in no wise tlie case ; the changes were quite the same in 
tlie animals treated with serum. 

These last experiments liave a further interest. There are in the literature a few 
eases of severe intraocular inflammation after operations or womids (Kastalska, 
De Schweinitz), and a few metastatic ones also, where, in the exudate, bacilli of the 
pseudo-diphtheria variety occurred, which, when grown in pure culture and injected 

1 ylrch. lU (HtnL, l%r>, xii. UM. - ./../. O., 1903, 1. 1. 
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Into the vitreouB, again produced inRatnmation. Ulbrich ' tested a large naiuber 
of saprophytic Bacteria anew with reference to their power of inducing JDtlammation 
in the eye. and aa a result of his researches, was ot the opinion that poat- operative 
infection due to such saprophytic organisms was mucli more frequent than hnd pre- 
viously been thought ; such cases clinically take the form, not so much of purulent 
panophthalmitis as of subacut« or ianidious inflammations. Further cases have 
heen communicated by Goiirfein and Well, and nuiong them one with baciUl of the 
xerosis Tariely, The course of such wound infections is somewhat different from 
that of Ulbrieh's experimeats, aa it is necessary for the organism in question to 
multiply in the interior of the eye. In operation cases they will only do tliia to a 
very slight extent, so that they cannot induce an inflammatory reaction, or if they 
do, it can only be very slighL Seeing that the Bai-iUu* xerntin in concentrated 
auBpension. as a rule, dies out in the vilrcoua, the assumud capacity for propagation 
there is not always present, and I therefore think that these Bacteria rarely have 
anything to do with wound -infection. An experiment of Deyl' and those which 
Demaria * carried out in my clinic show that tliere are stems of B. j-eroaii which can 
propagate in the vitreous, which liave a piiihogenic action, and can remain n relati^'ely 
long time there. 

Here again Ihe question arisea, especially for those who favour the view of 
identity, whether anti- diphtheritic serum should not be used in these oases, on 
the chance at least that that particular bacillus is present. In my opinion such 
measures arc quite aimless. 

Even shotild proof be furni»1ied of their complete identity, and the 
possibility thus approached that, without infection from outside, toxic 
diphtheria bacilli can develop and produce their results on the con- 
junctiva, our proceedings in bacteriological diagnosis would remain 
the samj^ as they now are. Whether the Bwilhin rmiHis ia to be 
identifie " with the Bacillus diphthrriw (Eoux, Schanz, Peters, Pes, 
Behring, Kala, and others), or to be considered merely a.s a kindred 
organism of the same group, as we find stated by the great majority 
of bacteriologists (r;'. the text-books of Gunther, Heim, Neumann and 
Lehmann, the literature by Beck in the Kolle-Wassermann Hand- 
book, and others), what we have to aseertam is, Are toxin-forming 
bacilli present:' and when we find them, are we to consider them as 
wholly or only partially responsible for the inflammatory changes, 
and direct our therapeutic measures against them ? Even then the 
fact would remain that the non-toxic bacilli of the normal or simple 
catarrhal conjunctiva are harmless in the cornea, and in wounds or 
injuries. 

Our clinical bacteriological diagnosis and serum treatment, 
which we should certainly carry out in pseudo-membranous infiamma- 
tions, briefly summed up, consists in the following' measures : 

Several ehde or cover-glass preparations should be made of the 

' A./ 0., 1905, \ix. 8. ■ 'liberdic Atiologie de» CliaUziODS." Trog. I8BS. 

' ' Miachinfektion voii Tuberkulose- uiid Psoudodiphtteriiibaiilku im Augu,' A'. M./, A., . 
1K05, xliii., bcilageltcft (c/. here the literature). 
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secretion or membrane, spread out as evenly as possible ; these should 
be stained by Gram's method. If after careful search we find no 
bacilli of the diphtheria group, then the case is not one of diphtheria. 
SufiScient material^ should always be taken, and the case must not 
have been treated. 

If the rods described above are seen, we must examine them care- 
fully with regard to their form and length (cf. p. 190). If Neisser's 
polar staining is found to be positive and typical, then toxic diph- 
theria bacilli are probably present. When the number of the bacilli 
and other organisms (especially Staph i/lococci and Streptococci) present 
is very great, we should rub some of the material on to three tubes 
or Petri dishes. I like to use as agar as I and II serum, so that 
isolated serum colonies will certainly be obtained. When the cultures 
are made before midday, then in the evening, in ten to twelve hours, the 
colonies can be seen with the loupe, and from characteristic colonies 
smear preparations can be made, some stained with Neisser's polar 
stain and others with Gram. A positive result with Neisser's stain 
makes the diagnosis still more likely. 

If isolated colonies occur on the original tube, then make a bouillon 
culture, into which the greatest possible number of colonies which 
can be macroscopically and microscopically determined to be charac- 
teristic are introduced into the same bouillon tube (10 c.cm.). I do 
this because we can very well have toxic and non-toxic bacilli occur- 
ring together (Schirmer). If we take only one colony and obtain 
no result, it cannot be concluded that all the other colonies would 
have been the same. On the other hand, by the use of ten to 
twenty colonies we are practically certain. Naturally we most care- 
fully examine such a bouillon culture in twenty-four hours in hanging- 
drop and in stained smear, to make sure that only Bacteria of the 
diphtheria group are contained in it before using it for inoculation. 
We further test the bouillon for acidity. 

If it be a pure culture, I inject 2 c.cm. of the culture subcu- 
taneously into a guinea-pig. If death occurs in two to six days with 
the characteristic symptoms, then we have definitely a toxic organism 
present. The site of the injection is doughy, sometimes covered with 
a white material, and a section of the surrounding tissue is juicy and 
ha^morrhagic ; there is hypeniemia of the adrenals, exudate in the pleura, 

^ Dutoit locoiiiJiieiicls that, on gettin«< a negative result, material should be again t^kon 
from another spot. In one cas*- the result at first was negative, Init in the debris of a 
corn«'al ulctr virulent dijihtheria bacilli were found. I always make scvtral preparations 
from diHcrtut phiees. Vahuh- iiiakes the same recommendation [An/i. ii(kul.istCy 181^4, 
cxi. 'I'M). 
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and often also in the pericHrdium. The spleen is usually unchanged ; 
the kidneys often show parenchymatous hremorrhages. The upper 
part of the stomach is reddened. Injection into the peritoneum pro- 
duces a heemorrhiigie peritonitis. The bacilli multiply especially in 
the site of puncture, but cim also pass into the blood. 

If we cannot inoculate from the original tube, then a pure culture 
must first be made, and from this we can inoculate. 

In cases which clinically are slight or moderate in severity we can 
await the result of this examination, which takets a few days, and in 
the meantime we can treat locally and take precautions against con- 
tagion. In the severe cases, whenever the smear shows bacilli of the 
diphtheria group, Behring'a serum should always be injected. When 
bacteriological examinations are not made, then every case of pseudo- 
membranous conjunctivitis must be treated with the serum. 

Along with the diphtheria bacilli pus-formers are often present 
(Staphi/I'^n'ni, Sfr,-i.l..n,rn, I'lirinwcHci, Piute I., Fig. I'/.). The 

mixture of Sin/iiun'rci with diphtheria bacilli produces an especially 
severe clinical lesion of the conjunctiva. 

The experiments of Coppez, confirmed by Dugast, show that the 
participation of the cornea in a conjunctival diphtheria is due to the 
tosin, which loosen.H the epithelium and penetrates into the paren- 
chyma. Such a complication only shows after twenty-four to forty- 
eight hours, when the toxins begin to diffuse. The cornea then 
becomes cloudy. When a very powerful toxin acts for a long 
enough time, a partial necrosis of the cornea may occur (Coppez). 
Diphtheria in man never reaches this stage by the action of its toxin 
alone, though the way ia thus prepared for a secondary infection. 
The actual suppuration of the cornea is caused, as a rule, by 
secondary infection with pyogenic organisms. For this reaaon a 
suppuration, when it has already begun, is not influenced by the 
serum treatment— in other respects so generally efficacious,^ 

I'hthoff has shown by experiment on rabbits that occasionally a 
severe purulent corneal infiltration can be caused by the diphtheria 
bacillus alone. 

Murax and Elmiissian found the same incubation time for the con- 
junctiva which Coppez had obtained tor the cornea. Twenty-four 
to forty-eight hours after the instillation of diphtheria toxin into the 

' III liiinsideiiug tbc ai^tiun uf wvuiii used totally (Coppee), ut better sulioutaueuusly 
injvi^led (Duguat), we niitst nute tliat even without it duldj of tlirse tasea heal rapidly ; the 
btDcGcial effect on the layrrt cases is the beat proof of ita value tSaemiich, e/. Axcufeld. 
' Serum til enpie iiiraktioEer Anp^nerkraDkuiigpii.' Freiburg, IMS). Si-liiuiilt-Binipler and 
AubitieAU liBTe uied the wniui in caaea of poat-diplitlieritic pualyail of Hxomiuodation. 
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intact conjunctiva a typical pseudo-membranous conjunctivitis set 
in.^ This proves that the diphtheria poison alone is capable of 
producing a pseudo-membranous conjunctivitis. This is not con- 
tradicted by the fact that, as a general rule, virulent diphtheria bacilli 
are only found on the human conjunctiva when the ground has been 
first prepared for them by an eczema or scrofulous condition of the 
lids (Uhthoff)- It is of interest to note that Coppez found diphtheria 
bacilli in an extraordinary case of chronic conjunctival diphtheria which 
had existed for a year. The literature referring to this little-known 
form is collected in his paper. T. H. Harlan describes a similar case 
of several months' duration with virulent diphtheria bacilli. It is a 
question in many cases whether a pemphigus or a herpes iris con- 
junctivaB (Hanke) was not present. 

As will again be stated* in the special chapters, the formation of a pseudo-mem- 
brane can occur in a conjunctivitis due to the Koch-Weeks bacillus, the Pneumo- 
coccuSf or the Gonococcus. As a rule, this consists merely of a superficial mem- 
brane, easily removable. Cases have been described in which a severe pseudo- 
membranous lesion has been caused by Pneumococci (Becker, Boscher, Eimpel, 
Hertel, Fruginelli, and Christ). If we are to consider the conjonctivite aiiraigu? 
of Sameh Bey as an infection with Koch-Wecks bacillus, then this organism must 
be capable of causing necrosis of the cornea. Peters and Kruse are inclined to 
attribute the formation of a slight pseudo-membrane — e.g,^ after an injury — to the 
action of avirulent Bacillus seroaia; whether rightly or not is yet to be decided. 
The results of Lor, C. Frankel, Uhthoff, and Boscher show that occasionally the 
Gonococcus can produce a pseudo-membrane ; slight membranes are well known to 
occur in gonorrhoea. A similar condition occurred in a case of diplococcal infec- 
tion described by C. Frankel (see p. 208). A similar state of the conjunctiva 
is recorded with the exclusive presence of Staphtjlococcus pyogenes aureus 
(Bietti, Christ, Guibert, Pichler, and others) ; also with Friedlander's bacillus 
(Brayleyand Eyre). A case by Taylor showed only Coli communis','^ one by 
Knapp enormous numbers of influenza bacilli. The coll has the power of forming 
pseudo-membranes in other parts of the body. 

In the case of these various organisms^ which are also found mixed, the clinical 
pictures vary somewhat. 

Considering them all, we must say that the other organisms are far behind the 
diphtheria bacilli^ and the Streptococci in their power to produce membranous 
conjunctivitis, especially the diphtheritic form» and that the severe necrotic forms 
more commonly are due to Streptococci, either alone or with LofHer's bacilli. 

Finally, cases are not so verv exceptional in which a well-marked croupous con- 
junctivitis gives no bacteriological* results of any value. According to the results 
obtained by Peters and Axenfeld, this is especially the case in the so-called scrofu- 
lous in tl animations, which can reacli this lieight without an\ demonstrable bacterio- 
logical cause. 

* Tlic reason \\\\y Vahnti, in his exiierinients on animals with toxins of lUphtheria, only 
«)btaine(l slight irritation was (hi»* to the fact that ht' did not drop it in for a long enough 
time. 

- For the literature of these CJi^es, see Luharsch-Ostcrtag, ' Ergebnisse,' ' Bakt. des 
Au-^cs,' 1S'J1-11»00. 

^ S<jm«'times a diphtlu'iia nf the skin of tlu- lids occurs with severe necrosis xf. ehai»ter 
on MJangrene ot the Lids'). 
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Stpeptococci. 

(Sa- h..-n: Plate II., Fio. IV.) 

As we have already said, the StrrpUicoccng pi/ofi'-nt-x, either alone or 
in conjunction with the Ji. clijikthcrue, is the most important factor in 
those very severe diphtheritic processes, which can cause necrosis of 
the whole conjuuctiva iind great danger to the cornea. These cases 
are very dangerous to life on account of secondary sepsis. The whole 
surface of the conjunctiva and cornea forms a culture of Sir'-piorocci. 
Such cases are often found in the descriptions of streptococcal infection 
by Fage, Chevallereau, Vialet. Bourgeois and Gaube, Uebierre, Ville- 
neuve, Despagnet, H. Coppez, Piehler, Durier, Vanderstraeten, 
Lehrun. Gaaparrini, Uhthoff, Gosetti and Jomi, Kauffmann, Viilude, 
0, Meyer, Martin, Pes, Howe, Weeks, Becker, Vossius, Zur Xedden, 
Saemiaeh, Chartres, Ilieber, Brewerton, Lawaon, etc' 

Most of the cases were children who were badly nourished or had 
hereditary syphilis ; others were in eonviilesceots. [Chartres reports 
seven cases in newly-born children, in which only one had a pseudo- 
membrane, the other six being typical blennorrhti'a. They were all 
severe cases ; some of them had perforation of the comen. One child 
died of broncho-pneumonia. Kxcept for these cases, Sii-rpiiirorrj 
have only rarely been described in ophthalmia neonatorum (Druais, 
Groenouw, Haupt, Zur Nedden, Weigelin). It is possible that Chartres 
was mistaken in his cultures, as I'liriinfmiri also form chains.] It is 
probable that the diphtheritic condition of the conjunctiva in measles 
and scarlet fever belong to this class (Vialet, Uhthoff, Axenfeld, 
Schottelius). In many epidemics of measles Slr<!'U><<i<-ii ure com- 
paratively common in the secretion of the ordinary exanthematous 
conjunctivitis without membrane formation (Schottelius) : this should 
raise the suspicion that we have to deal with a severe epidemic. In 
the one which was observed by Schottelius and myself the mortality 
was not only exceptionally high, but the number of very severe cases, 
with subsequent aye complications and necrotic streptococcal infec- 
tions, was also very large. Except in the cases mentioned above and 
the following ones, it is rare tor the Stn'i-tucurrns to cause a primary 
conjunctivitis which is not pseudo-membranous. A simple primary 
conjunctivitis due to StiyiiliirixriiK is an extreme rarity. The so-called 
lacrymal streptococcal conjunctivitis (Parinaud, Morax) which follows 
a stenosis of the nasal duct is a secondary form ; it causes a severe 

' In one ouss retorded !iy Holteiilioff a bUat*™! ui'bitiU tilliUitia uccurred. 
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inflammation of the conjunctiva, with a painfal swelling of the pre- 
auricular gland and slight feverishness. This is usually rapidly 
succeeded by an irritation of the iris, due to toxic absorption. This 
latter condition, which is peculiar in that it occurs without any 
change in the cornea, though that structure is permeated by the 
toxin, not only occurs in streptococcal infections of the cornea, but 
also in infections with the Pneumococcus (see Chapter III.). Experi- 
ments on animals show that the streptococcal filtrate possesses in a 
higher degree the power to produce a * diffusion iritis * — Bardelli has 
shown this by protracted instillations — while a pneumococcal filtrate 
does not produce any definite iritis in the rabbit. 

It must here be noted that in impetiginous eruptions of the face, 
which commonly affect the conjunctiva. Streptococci are often found 
in the secretions and in the cultures. This is especially the case 
in persons with well-marked scrofula, and also in impetigo contagiosa. 
The conjunctivitis is here secondary, and an extensive formation of 
membrane is not commonly found in such cases, unless they are 
associated with diphtheria bacilli. 

Characteristics of the Streptococcus Pyog'enes. 

(Plate XL, Figs. IV. and Via.) 

StreptococcKH pyogencH (Stnptococvus eri/siprlatis, septicus^puerperalis^ 
mulirfnuH, articuloruni, scarlatinosus). 

In the secretion preparation the (Gram-positive) Strejytocorrus pyogenes varies 
in appearance : 1. With regard to the size of the individual cocci. This is shown 
very clearly by Fig. 42 and Fig. IV. on Plate II., which were both obtained from 
similar cases of streptococcal diphtheria of the conjunctiva, and are under the 
same magnification. 2. With regard to the arrangement of the individual cocci. 
In Fig. 42 chain-formation is not at all obvious— in many fields it would hardly be 
noticed ; the double form is much more in evidence. When closely examined, we 
see that chain formation does occur, but the chains are short and straight. In 
Plate II. the chains are much clearer ; Diplococci are also seen. In the phagocytes 
the cocci often lie together in the manner of Staphylococci. (Fig. 48 is drawn from 
the pus of an orbital cellulitis, due to the breaking out of an empyema of the frontal 
sinus; long chains were to be seen everywhere.) 

The diagnosis of a streptococcal conjunctivitis as against a staphylococcal is one 
which re(iuires some care. After having observed such cases for years, I have 
never failed to find chains ; and a case such as that in Fig. 42, where there might 
be a difficulty if only a few fields were examined, is an extreme rarity in my 
experience. The material should not be too mucli rubbed out, as then the natural 
arrangement of the chains of cocci might be destroyed. It is well known that 
Streptococci in animals sometimes do not form chains, so that on the conjunctiva 
the possibility of a confusion cannot be entirely excluded. It is therefore advisable, 
in pseudo-membranous or necrotic conjunctivitis in which there appears a strong 
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probability of Sirtptoeorci, in cases which show the appearance of Pig. 13, IQ 
await the results of a bouillon culture. ' 

Slreploeoccus pyogenes only 
rarely plays a part in the oiber 
clinical types of conjunotivitia, 
and mistakes can hardly occui'. 
In the secretion from the luc- 
rymal sac the Streplocoviim 
has a grettt tendency to ciiatn- 
formation; ao alHD in the in- 
terior of the eye, and especially 
in the vitreous, where even the 
so-called Sirrptvvofciie hrrvU 
tends to grow in long chains. 

Cultures must be used to 
differentiate this organism from 
the Slaphylvcocrua. which is 
equally rare in the cornea, when 
dealing with those rare strepto- 
ooocol infections where the 
dense corneal tissues are not eo 
favourable to the formation of 
chains, and the method of ob- 
taining the material and rubbing 
it out on the slide loosens the 
cohesion of iiny clmins which 
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Matiy Jliplneoeci, a few cIhIlh. 



The differential diagnosis from the Preen niorocctig by means of ft slide is easy 
and cert^n, as in no pneumococcal infection do the typical lancet forms full 
«/. Fig. 80. Plate II., Fig. //., and 
Plate III., Fig. /.|. Of course, in a 
pneumococcal exudation single round 
Diploforci are often seen, The draw- 
ings, made e^iactly from Nature, sliow 
this in many places. In such caaes we 
cannot decide from the niicroscopical 
findings whether we have a mixed 
infection of Streptococci and Pnriimii' 
cocci or not. It should be noted in 
this coonouon that such a mixed in- 
fection in the eye is very rare. I have 
only seen it here and there in pus iroiu 
a lacrymul site (and then long chains 
were present such aa the Pnciimcorciis 
never forms in secretions). On the 
other hand, in the hundreds of oases 
of pneumococcal infection of the cornea 
(ulcus BcrpeneJ, which in the course oE 
years we have proved by culturea, we 

' Tin- !■»».■ imblisbed i>y Hiighitid aa one of J/eninj/oaKWiui was u pure dipIuw>ciBll OUL-, 
111 tliF' Bifn'tiun were only Dipioeoai, soiiiii iutra-celliilnr; iu tbo ciiltur™ at i\n\. Hiploeooei, 
ilii^ii liiiiu cbiini. All them ronua staioed very iuteiisely with Ursm. This is not a true 
,l/.i(ui«~',«Y'«j. Thu Frijukel MniiagiKiKcu* also I'orniH clinius. Fig. H, from a Fiiinknl's 
' I Diplofoni ill llie sscwtinn ; they stain partly liy (Irani, and tliiia 
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have never found ihe Streptoto>-<-uB growing at the same time. The same ia true 
o( the numerous cases of pneumococcal conjunctivitis. Such findiugH as I have 
figured are rightly to be considered as pure infections with Pneumocorcuji : or, at 
least, we niust attribute to the Pneuinococvui the causation of the diseased procesB. 
When Pneninticocci do form chains in the secretion, they are quite short, straight 
little ones, consisting of two or three memhers, which are to some extent elongated 
and vivry in thickness ; while the streptococcal chain* are formed ot rounded or 
flattened cocci, of which the adjoining pairs often lie closer, and fuss into a Dipto- 
eocciia. The diagnosis of Piieiimoi:oi:Liis in secretion can only be dilficult as against 
the Slreptocorcus miteiiius. In preparations of the secretion of our case (Buppreoht) 
elongated Diphrncvi were also found, although in the culture only Slrej'tococcut 
m-uioati-g grew. This variety of the Strrptococcuit is so closely related to the 
Pneiimococciti that it can be considered as a variety of that organism (r/. p. 1B7). 

The Streiilocofcut and the Pnciinwcorriia belong to the great group of the 
chain -tonners. Kruse and Passini have named the Pneii uninwrin the ' Strep Iv- 
eoeeuK of the mucous metiibranes,' so that the detailed differential diagnosis may 
appear to many to be unnecessary at 
a time when the natural relationships 
in bacteriology are always being given 
more weight. This ditlerential di«g- 
iiii-.i-', however, alone determines the 
]iiis-ibility of our evolving a specific 
SI rum treatment for the two organiaina. 
Hid even though this has not ;et 
Liliiived any definite success, it atiU 
li -ei'ves our full consideration, and 
: ill: ophthalmic surgeon should be 
iiuiiillar with the e\act differential 
diagnosis between Pneumocafctit and 
Sliiiiliifoi-i-its, If we have only cul- 
tures to test, the diagnosis is more 
diliiculti still, it can be made on the 
following grounds : 

(n) The presence of elongated IHpto- 
locci or cocco- bacillary forms on agar 
and serum. 




Fte. 44. 



(6) The growtli of many Streplo- 

((') The addition of 1 to ^S per cent, of taurocholate of soda (Neufeld) to the media 
prevents the prowth ot PnenintiiiirfnK, but not that of StrEptoconin pgogenei. 
The salt can also he dropped into bouillon. Pnciimococciis then dissolves after a 
short lime in the incubator, and the fluid clears. SIreptocarcut bouillon remains 
unchanged. 

id) By inoculation in the blood of a white mouse, ibe PneamocMci are to be 
found in their typical oapsulnted forms, 

(The so-called SlTeplococcae nnuosua in these tests usually behaves aa a 



Pmt 



r.«.) 



(Though the Streptococci in other parts of the body are such common pathogenio 
agents, in the eye they are seldom in question. Their occurrence on the normal 
and diseased conjunctiva is described on pp. 41, 205. 

They seldom oausa corneal infection. They are relatively rare in simple catarrhal 
or purulent dacryocystitis ;i they are more commonly found in the pus of a 
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subcutaneous ccUulitiB, also in orbital ,infl animations arising from the adjoining 
Binusea. Concerning the finding of Streptococci va the endogenoHB infections o( 
the eye, see p. 3f(8. 

Gnltures. — A facultative anaerobe. On agar small round grey surface colonies, 
slightly stippled, transparent. They generally have sharper margina than the 
colonies of Pneitmococci, and have very little tendency to coalesce. 

On ascites agar they grow better, and their borders often have line radial 
atriations. 

In bouillon the growth is variable — sometimes a Bno claudinesB, soinetimBE clear, 
with a more or less free deposit, wliich often collects into balls, and can only be 
broken up by vigorous shaking. 

Milk is coagulated after a few days. On potatoes there is at most a scanty 
growth— sometioies, indeed, none at all. 

In a gelatine stab-culture at 1S° C, fine granules form along tha track of the needle 
without liquefaction ; a grey growth, with a smooth, wavy, or indented border, 
spreads slowly out on the surface. 

The chains, which are most easily seen in preparations from bouillon, vary in 
length and in form in different strains. Behring, von Lingelsheini, and others, 
have subdivided the organism on this basis • into Str, bretvii, with short chains, diffuse 
clouding of bouillon, a suspicion of liquefaction in gelatine, growth on potatoes, and 
generally low virulence ; and Str. longua, with long chaina, giving a deposit al the 
bottom of the clear bouillon, no liquefaction of gelatine, no growth on potatoes, and 
greater virulence. This division cannot be rigidly carried out, and the eubdivisionB 
attempted by other authors (Lenhartz and Schotltniiller) are not recognized. 
Zangermeister conaiders that the puerperal and the saprophytic Slreplorocci ore 
the same, and that an exaltation oC virulence ia poasible {Centr. f. Bakt., Ret, 
1607, p. 468). 

Schottmiiller attempted a differentiation of the Strfplococi-i by their growth on 
blood-agar. The Sir. rrgsipelatia leu longiis, tlie highly pathogenic form, shows 
hero a definite hicmolysis, a clear circle being formed aroimd the individual white 
colonies. The Str. initior nm vindatu which ia not pathogenic or only slightly eo, 
grows as a green or brown ameor, without any definite heemolysia, The capsulated 
coccus (,Slr, miicoaiia) forma a glutinous slimy grey-green scum. The Pneiimo- 
coccua develops a dark grey pigment, without any hiemolysis. 

Many observers ore agreed that the pathogenic forms alone have a hiemolytic 
action (r/. Baumann, Miinch. toed. Wock.. 1906, So. 25). Others, however, deny 
ihtit; the formation of pigment is also variously atated. It is certainly worth 
noting these points in the findings in the eye. 

There is no constant difference to be made out by the use of different kiods of 
sugars, although many strains of virulent Streptococci constantly cause fermentation, 
while the Pneunwcoccus and the Str. mncomts do not. 

The \irulence of the Str^tocoeeut is very variable; it is best retained in a 
gelatine culture, which, after two days in an incubator at 22° G. is preserved in an 
ice-chest. The pathogenicity for mi'" does not always coincide with (hat for 
animals. Strains which have become highly pathogemc by passage through animals 
cannot always be at once used for the production of immune aerum, suitable for 
the treatment of human beings. Individual strains vary much in their power to 
produce antibodies, so thai a serum obtained from one strain does not always 
immunize to the same eilent against other strains. We have, therefore, the prepara- 
tion of polyvalent sera iMenzer's serum by Merck, Uoechst's an ti streptococcal 
serum, and lliose of Ahronsoa and Moser, prepared from strains obtained fresh from 

I, ' Haiidliuak,' vol. ii., and 
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the human subject, also the serum of Marmorek, in which the Streptococcus is 
used after an intermediate passage through an animal) ; and for the same reason 
we have their variable action in treatment. We find, however, in gynaecology 
(puerperal infection and prophylaxis in operations) and in medicine (scarlet fever) 
that good results are being obtained. Serum treatment should therefore be carried 
out in all severe ophthalmic cases.^ 

When inoculated into the eye, virulent Streptococci produce very severe necrosis 
and suppuration ; other strains produce far less irritation. 

Begarding the contagiousness of pseudo-membranous conjuncti\4tis, the general 
facts known about cases due to the diphtheria bacilli are applicable to those which 
are due to this organism. 

Small epidemics introduced by children affected by such a croupous conjimctivitis 
have often been observed in hospitals (Schirmer, Yossius). Severe diphtheria of 
the throat has occurred in connexion with a diphtheria of the conjunctiva. 

True epidemics due to infection with the Streptococcus are not yet recorded, 
though the observations of Yossius favour the possibility of a contact infection. 
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SECTION 5.— GONOCOCCI AND OTHER GRAM-NEGATIVE 
DIPLOCOCCI (MENINGOCOCCI, MICROCOCCUS CATARRH ALIS) 

FOUND UPON THE CONJUNCTIVA. 
BLENNORRHCEA AND OPHTHALMIA NEONATORUM. 

(Plate IL, Figs. 7. and II.) 

The Gonococcus (Neisser). 

Morphology and Culture. — Bean or kidney-shaped Diplococci, each 
pair 0*8 to 1*6 /a long, 0*6 to 0*8 /a broad, rapidly decolorizing with 
Gram, found preferably in the cells. Tetrads occur in cultures, 
especially when old. 

Culture.— GroyfBSkt 25*" C. to Qd"" C. (optimum, se"" C), never under 
20^ C. (facultative anaerobe), and best on media which contain one-third 
to one-half uncoagulated human serum (serum agar of Wertheim). 
Ascites, hydrocele, ovarian cyst, and hydrothorax fluids are also suitable 
for addition to the serum, though not always to the same extent. 
Ffeiffer's blood agar can also be used (urine and glycerine media and 
blood serum of animals also). The pig's serum nutrose agar recom- 
mended by Wassermann gives varying results.^ 

The opinion used to be prevalent that the (ionoancHs could not 
grow at all on simple media. This is a very uncertain means of 
differ en tiation from other forms. The latest experiments show that 
it does not hold for all strains. According to the researches of 
Wildbolz, Urbahn, and others, it is possible by continued culture to 
adapt many strains of Gonococci to grow on ordinary media. It is 
only very exceptionally that original cultures will grow on ordinary 
media, and then only when pus, a human albuminous fluid, has been 
freely transferred with the culture. The second transference from 
here to another agar tube practically always fails. Rather better 
results are obtained with the Thalmann medium, which is slightly 
acid. (Two-thirds of the amount of soda necessary for neutralization 

^ Fifteen com. pi^'s serum, free from luemoglobin, .'JO to So c.cni. water, 2-5 c.cni. glycerine, 
and 8 to 0*9 nutrose; shake and boil. Precipitation of the serum is prevented by the 
addition of the nutrose. Take eqxial }»arts of this serum Jind 2 per cent, agar cooled down 
to 50^ C, mix, and pour into Petri dishes. 
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is added. For continuous propagation, Thalmann Fecommended that 
an equal amount of pig's serum should be added to taintly acid 
bouillon.) 

Opinions are not agreed as to the uBefulne^:; of this medium. 
According to Lehmann and Neumann, who refer to the records of 
Meyer and Biirmann, this medium was no better than ordinary agar ; 
other authore, however, praise it. 

The young colonies on serum agar, etc., are very delicate, super- 
ficial, grey, and transparent, hardly projecting above the surface 
level. Older colonies are very faintly granular, their borders 
clearer and wavy. They are slimy in consistence. (They can readily 
be distinguished from the opaque yellowish colonies of the Mi'-r"- 
rocriis catiirrlialis.) On blood media the colonies push the blood 
aside so that a kind of septum is formed between them ; the same 
takes place on media covered with pus. In serum bouillon a alimy 
deposit is formed, and it kept very still a scum rises to the surface. 
A diffuse cloudiness occurs when the tube is shaken, (Cf. the 
difference in Mic. calanliiilin, p. 210.) 

Goiioc'M-ri die out rapidly in the bodies of animals. When in large 
quantity they cause local inSammation, due to their endo-toxins. 
When injected into the anterior chamber, they cause a transient 
exudation (Christmas). Introduced in sufficient numbers into the 
peritoneum, they kill mice, guinea-pigs, and rabbits. Sometimes the 
GiiiwriH-ci can be cultivated from the blood post-mortem. Immunity 
can be produced against this action by repeated injections, and a highly 
efficient immune serum can be prepared for the differential diagnosis 
of the (iiiii'Hi'i-n. Specific immune bodies are often found in the 
blood of patients with gonorrhoea by the complement method of 
Bruch,' when a general infection, especially an arthritis, has occurred. 
Cultures previously killed also produce inflammation. Morax and 
Elmassian were able by the repeated instillation of such material to 
produce a conjunctivitis, commencing after twenty-four hours' in- 
cubation, in men and animals. 

Transference of the thiwrncri by inoculation on to the mucous 
membranes of animals did not succeed. When a large quantity of 
virulent Gim'ir.<,,-i were introduced into the conjunctiva of a young 
rabbit and the lids then stitched together, the poison introduced caused 
a transient discharge, in which the Gwi-i-Oi-vi rapidly died out, or at 
least did not multiply (Ueller. Morax and Elmassian, Randolph). 

I ItuiKk. Med. IVoch., 1806, No. 34; &1sa R. MuUur aoU Oppeuhaiiu, fi'itn. Klin. 
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NnmerouB inoculations of pore coltores of living Gonococci on the 
human urethra have always produced a typical blennorrhoaa (Bumm 
and others). Urethral inoculations with the allied Meningococcus 
produce no result.^ 

Microscopical investigations regarding the relationships of the 
Gonococci in the human conjunctiva have been made by Bumm and 
confirmed by Schridde, who found that the cocci occurred freely 
between the loosened epithelial cells, but here and there they had 
made their way into the subepithelial tissues. 

Other Gram-Negative Diplococci. 

Bumm gives the first records of other Gram-negative Diplococci. 
According to him, the following organisms occur : 

1. Micrococcus albicans amjdus (morphologically larger than the 
GonococcuSy grows on gelatine at room temperature, without lique- 
faction). 

2. Diplococcus albicans tardissimus (morphologically resembles the 
Gonococcfis, but is able to grow slowly on gelatine). 

8. Micrococcus subftavus (a coccus which grows in the form of a 
yellowish smear at room temperature, and in its culture is very like 
the Staph, albns, but does not liquefy gelatine, and is not so patho- 
genic). 

Later authors {cf. Fliigge — * Micro-organisms ' — Menge and Kronig, 
Steinschneider) rightly controvert the statement that with Gram's 
stain the organisms mentioned decolorize to the same extent as do 
the Gonococci. We can leave aside the four cocci described by Giflford, 
as they only decolorized after the continued action of the absolute 
alcohol, and not with the classical method of applying the Gram 
stain (cf, * Technique,' p. 6). When working in Haab's clinic at the 
disinfection of the conjunctiva, Marthen three times found Gram- 
negative cocci, which were nearly related to one of Krukenberg's 
varieties. Martben's isolated statement found no credence, as he and 
others stated that the Sarcina aurantiaca was decolorized by Gram, 
while everywhere it was represented as Gram-positive. 

A Gram-positive Sarcina has since then been discovered;- we 
therefore must not necessarily doubt these findings of Gram-negative 
DipliHoccij even though their classification be diflScult. The coccus 
which Marthen found was probably the Micrococcus catarrhalis. 

^ Zupnik, Jkrl. Klin. U'och.. lyOtJ, 52. 

- Nagauo, Zcnt.f. Bakt., Ori^'., 190'), xxxii. 3U. A similar case is showu on Plate II. 
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Martlieu's results would uot, however, negative the view that all 
Gram-negfttive l>i}>h"-<ii:ci found on the conjunctiva are G"Hocorri. 

Along with Krukenberg, I have more exactly studied a number 
of I'ufudii-tjoHof-occi, which were perfectly Gram - negative and 
still not identical with the GimotMci)*. Since paying special atten- 
tion to this point, I have not infrequently found on the normal or 
shghtly catarrhal conjunctiva Gram-negative organisms which from 
their cultures I could not consider to be G"H'iv'ii:i:i, Kayser has lately 
recorded a similar hnding in my clinic. The sketches (Plate IL, 
Fig. ///.) are made from such cases, and one of them </>) shows 
a Gram-negative Hairiua. On the grounds of these facts, I hold that 
the opinion of Schantz — that all the Gram-negative l>ipl<M-<M-<-i are 
identical^is entirely unproved. Dr. Erons has curried out a further 
research on this subject in my laboratory; his investigations related 
to eight different strains of ^[kl■^^<:lHrns uatarrhali/i obtained from the 
conjunctiva, and included a searching inquiry into the relations of 
this organism to the Mt'iibiii<»-<H-<:ui and the fji >(""■< j. ■(■(/«, using all the 
latest means of research, with the result that, according to our present 
knowledge, the GoiLomcciis, the -l/cn (h;/"C'1''('i«, and the Micrococcus 
catarrhal in are all members of the same family. 

The first of our Jiiphcorvi was obtained from a slight, spontaneously 
healing conjunctivitis. In the secretion it resembled the Gimococciis 
exactly, but it grew freely on coagulated bullock's blood serum, 
and showed considerably more resistance than the Goiioc'irriiH had 
been contiidered to possess ; further, it was an obligate aerobe, had 
a considerable pathogenicity for animals, and when inoculated in 
considerable quantity on Krukenberg's own conjunctiva, produced no 
reaction. This organism would still be considered by Morax as a true 
Goiiin-ixriiii, as it could be included within the limits of the variability 
of this organism as determined by his latest researches. Such, how- 
ever, is quite impossible with the four further strains of Gram-negative 
IHj'locuccl which we found later ; they grew freely on agar, peptone 
agar, and coagulated bullock's blood serum, even at room tempera- 
tures (15" C. — two even at 1H° C.) ; one also grew on potatoes. 

A coniirmatory record is supplied by Neummni and Abelsdorff, who 
in the secretion of three cases of post-operative conjunctivitis after 
cataract found Gram-negative Iiiidwwci, which could only be dis- 
tinguished from those of Krukenberg in that their agar colonies took 
on a white colour later. 
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Micrococcus Catarrhalis (Pfeiffer). 

According to our present knowledge, the organisms mentioned are to 
be considered as belonging to the group of the Micrococcus catarrhalis 
of Pfeiflfer, the Gram-negative Dijylococci resembling the Oonococci, 
which commonly inhabit the nose and throat, and which are met with 
in catarrhal secretions from these membranes, as well as in bronchitis.^ 
According to the researches of Ghon and H. Pfeiflfer, Czaplewski and 
Urbahn, von Lingelsheim and Brons, the Micrococcus catairhalis is 
the most vigorous and most resistant of the three members of the 
family of Gram-negative Diplococci {Gotiococcus, Mciwigococcus, Micro- 
coccus catarrhalis). 

It is generally larger than the Gonococcus (cj\ Plate II., Fig. ///.), 
but the difference is not always obvious — the more so as these bacilli, 
especially in the secretions of the nose or of cases of bronchitis, often 
lie in the cells. The cocci sometimes occur in large numbers in the 
conjunctival secretion, even when there is only a very slight irritation. 
Where the cocci do lie in the cells these are not so fully packed with 
them as is the case with the Gonococci. 

The Micrococcus has a strong tendency to develop large forms when in culture ; 
tetrads commonly occur. Old cultures show plump degeneration forms. Decolor- 
ization with Gram is quite regular, and as rapid as is the case with the Qonococcus, 
In contradistinction to the Gonococcus, the cultures show colonies of a more 
greyish-white colour (having a consistence somewhat like mortar, with a centre 
which is slightly yellowish, becoming later brownish). According to Brons, the 
colonies are very easily moved about as a coherent mass without being especially 
tough in consistence. The margins of the larger colonies appear indented and 
slightly raised. Under low magnification the colonies appear coarsely granular. 
Growth is free on all media, even at temperatures under 20° C. In gelatine stab the 
growth takes place only in the upper part in the form of a small bead, with no 
liquefaction, and a grey mass radiating outwards on the surface. Stroke cultures 
on agar, serum agar, and sugar agar form a greyish-yellow bright streak, with a 
raised border. In bouillon a flocculent deposit forms at the bottom and on the 
walls of the tube. If the bouillon is very still, then the fluid may remain clear, 
and a fine surface scum or a ring may form (Hrons). In milk good growth 
without coagulation. 

Neutral red litmus whey after a few days becomes blue (alkaline). Following 
Lingelsheim and His, Brons tested the power of fermenting the various sugars.^ 
Micrococcus catarrhalis did not ferment any of them. There was no formation 
of indol. 

They are more resistant than the Gofwcoccus against the influence of cold 
and heat. 

* From its resemblance to the Meniiuiococci found in cerebro-spinal nieiiin«^itis (r/ci?<* infra), 
many authoi*s have come to the conclusion that the McniiKjococcos is commonly found in 
the nose under normal circumstances. 

^ Regarding this diflerential diagnosis, rf. the experiments of Dunn and Gordon 
(H. M. J., lyor., ii. 421). 
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Cultures kept for sixtj days in the incubator still gave a profuse growth. A calture 
dried for twenty-four hours on a sterile elide in the incubator gave the same. Accord- 
ing to Ghon and Pfeiffer, they can resist drying much longer than this, even to 
twenty-one days. 

At CP C. they remain for 40 days living. 

At 6" C 6 „ 

Thoae authors also foDiid greater resistance to heal. This may have been due 
to their having used more vigorous cultures. Von LingeUbeim, working, like 
firona, with bouillon cultures, obtained practically the same results ; 

S0° C. was resisted for 1 hour. 
60= C. „ „ 10 minutes. 
70' C. „ „ 1 minute. 

Path.og:enicit7 for Anim&lB- — Intraperitoneal, intravenous, and subcutaneous 
injections iii rabbits and guinea-pigs had no result. Intraperitoneal injection in 
mice produced diarrhea and death. A loopful introduced into a corneal pocket 
produced a severe infiltration, which, however, healed without a hypopyon. In 
the conjunctival secretion, and also the ulcers oF these cases, large numbers of the 
Diphcocci can be found, many of them intracellular. 

Agglutination testa could not be carried out with Brons' cocci, ns they formed 
a deposit of themselves, and the most careful stirring only produced a fine 
flocculent suspension. Von Lingelsbeim, using older generations, obtained n more 
homogeneous fluid, and then showed that a powerful meningococcal serum in a 
dilution of I in SO agglutinated Mfningocorci, but not the Mifrococi-m calarrhalia. 
Powerful calarrhalia serum had the opposite effect.' 



Meningococcus Intracellularis (Weichselbaum). 

The Mriiii>;i"ni(tii>i iiitrairUiilaris canuot be distinguisheil with 
certainty from the <i<iii<iaifciin by its morphology, though it ia some- 
what larger and not always so typical in its kidney shape. The cells 
are not usually so full of the cocci as in the ease of the (i<iii«aia'is. 
The latest records regarding its Gram reaction agree — especially those 
of the latest meningitis epidemic — as to its rapid and complete 
decolor ization. 

[Jiiger's statement- — thiit they decolorize only partially or do not at 
all — is now generally regarded as a proof that this investigator had 
other organisms in his cultures — the more so as tliey grew and 
formed chains at the room temperature, a thing which the true 
Meiiint/dcwciix never does. The latest results of Weichselbaum and 
his school, obtained in the last great epidemic, absolutely oppose 
those of Jiiger. The coccus of Jiiger, the I tiphcncniit missiia (von 
Liugelsheim), is not uncommonly associated with the MriiiminriK-cus, 

' Only liighly olliDient seriL can give, in frse dilutiou. diirereut results with diffurent 
menibers of ths sauie family. Id stroDg L-ouctutnition Mrningiiaxei, llaiuicorci, and 
ilic. cUarrMU mutually agglutinata as luembers uf the same family (xruup sKlutiuation, 
[/. also p. lt)7). The limits of thiagrauix^lutination are still being discaBseaT 



218 



BACTERIOLOGY OF THE EYE 



i ihe ujOBt difficult. Meningococci 

3 and glycerine agar aa a geiieral rule ; 

e Btraina of Gonococti, this method 

,s Cb ought. 



and can prodace a meningitis ; it is not, however, the cause of the 
epidemics. It is distingaiahed from the Gonococcus by the Gram 
stain.) 

The Weichselbaum Meninriwoirns grows only in the incubator ; on 
gelatine at room temperature it does not grow. 

To ha quite certain of the first culture eerum media alone ahould be used. The 
Meniiigococciit also grows on glycerine agar, on which medium it CEin be quite veil 
propagated. Many exudatea wUl only give cultures on serum agar, glycerine agar 
at flrat tailing. On aerum agar the colonies are faintly greyish- yellow, prominent, 
and moist ; they are 1 to 2 millimetres in diameter, eometimea alightly larger. 
On glycerine the colonies are more transparent, of an iridescent yellow colour, 
almost homogeneous, ajid of a alimy consistency. They are easily distinguished 
with a low magnification from the more granular and browner colonies of 
Staphylococci. The growth of the latter is much more profuse, eaperiolly on 
gelatine, and its reaction with Gram's stain is absolutely positive, et«. The 
appearance is different from that of the Micrococcus catarrhaHs (viile supra). 
Streptococcal and gonococcal colonies are in general flatter and smaller, and their 
further differentiation is quite easy (by means of Gram's stain, chain formation, 
form of the cocci, etc.). 

Their differentiation from the Oonoci 
certainly grow more strongly on blood- si 
but as this vigorous growth may occur with si 
of distinguishing the two is not so certain as i 

In bouillon a faint cloudiness occurs with a slight deposit ; when shaken this 
diffuaes evenly. On sugar media growth is freer, but not so white and opaque aa 
that of Mk. catarrJmlii. 

No growth an potatoes, nor on gelatine at room temperature. Agglutination 
teats' are of great value in deciding between Gonocncci and Mi^ingococci, both of 
which become diffused on being shaken ; while, as we have seen, the Mic, catar- 
Thalia always ainlia of itaelf to the bottom. A meningococcal serum of high value 
will, in the dilution of 1 in 1,500, only agglutinate the Meningococci, not the 
Goiiococci, In doubtful cases (and such cannot always be distinguished in cultors) 
this method is of special value. According to fiutscher,' it is atill more certun if 
we agglutinate at 55" C. ; then the Meningococci alone react. Brons in his oasee 
tested the fermentative power with eight different kinds of sugar^ (dextrose, 
levulose, cane-eugar, inulin, milk-sugar, galactose, maltose, and mannite). Ten per 
cent, solutions were added to sterihzed Kiebel-Tiemann litmus solution, and then 
placed for ten minutes in a steam oven ; 5 per cent, normal soda solution was 
added; then 1'5 o.cm. of the sugar litmus solution was added to 13-5 com. 
ascites agar in a Petri dish, .\fter proving sterility the culture was then inocu- 
lated on it. In the case of Gotwcocci fermentation (redness of the medium) onlj 
occurred with dextrose ; in the case of Mcningocoi-cus with dextrose and maltose 
(stronger); Micrococcns not at all. Buchanan (Lancet, 190T| states that glucose 
is only fermented by Meningococcits. 

It ia still to be proved whether these latter differences are constant or not. 

' Ri;idel. Herllu, [ire[iiii'es fram horses ii nieniDKOCocuil aaulutieiiling senini of high 
vuluv : it is Bcut out in air-tight kIhbs tuben contniuing 0*1, O'G, nnd 1 grain of ths dried 
material. The aei-nni is according to the formula ol KoUi? (Bern). OirectioDs for use 
accompiDy it. The Kgl. Institut fiir InrecCianii-Kranklii'iteii id Berlinjtlso send oat a 
meningococcal aemm of high velne (c/. CeiU. f. Biikl., 1907, xxxi*., Bef-, p. «2). 

' DeHlacheMai. Wvdi., IfiOB, u- 18*9- 

' Cf. •Halogens axpotinieDta of Knapp with the bacilli of the diphtherii group. 
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Sufficient Btrains have not yet been tested, and Gonococci from diSereot a 
and of different generations are not yet Bufficiently proved. Von T ' 
found some strains in the throat which in their cultures acted hke the Mi'c. catar- 
rkuliii, but which caused (enaentatian. The sixth strain examined by Broa« 
fermented all kinds of sutjar with the exception of galactose and manuite. These 
may have been different varieties of Gram- negative Diploi^ocii, or one and the 
same variety may show irregularities in these particulars. All these points must 
be settled by further research. 

The Meningocaccui, when freshly cultivated, is definitely toxic for guinea-pigs 
and mice, producing a Fatal effect. It is not pathogenic for other animals, and 
certainly ia not to be found in the blood of the animal. According to lluppel 
(Deuticke Med. Woch., 1906, p. 136T}, an intense pathogenicity for animals can be 
developed by prolonged cultivation. 

Von Lingelaheim has described as occurring in the throat ; 

Diphcofctit pTiaryngii cinereun ; 

Dijilocacciia pharyngii /laviii I., II., and III.; 

Diplocnccus pluiryngia siccus. 

All are Gram-negative cocci. He gives the following as the charaot«ri sties of 

Diploeoccut plutryn^U cintreiia : In the original preparation large rounded cocci, 
larger than Micrococci, evenly round or oval, lying together in twos or more, not 
in tetrads. Growth scanty. Colonies I'd to 1'6 millimetres in diameter. Seen 
by transmitted light with Leitz 3 OK 1 they are brown, smooth bordered, and 
coarsely granular. Oo ordinary agar they form a white scum, as also on ffelatine 
at room temperature ; in gelatine stab culture they grow well only at the point of 
pertoralion. 

DiptocoECut pharijngia liccus : Colonies when three days old are 3 millimetres 
in diameter, and have a very crinlded surface. Their texture ia marked by a 
greater dryness and firmness ; they theretoFe cannot be rubbed up in fluids. The ' 
microscopic preparations show fine Gram-negative Diplococci. 

japlocuccus piiart/ngiijiavus I. : Ascites agar plate cultiures show 2 to 8 milli- 
metre colonies. They are quite round, alighlly raised, with a greenish-grey 
tranelucenoy. and even by low magnification are very like the MicroiomiK. 
Microscopically tliey show tine round Gram-negative Diplococci, very like Micro- 
cocci; but tetrads are rarer, and there are differences in the size. On ascites agar 
elopes they form a yellowish-green homogeneous mass, which on the loop shows a 
distinct yellow colour. Growth ia also good on agar. 

Diplococcut phtiryitgin flavua II. morphologically resembles the Micr. calar- 
rhalu, bat is distinguished by the power of developing a golden yellow pigment 
when grown on media containing blood and on Loffler's serum. 

Diplococcus pkaryiigis fiaviia III. also forms a pigment, which, however, is 
yeUower. 

I have already mentioned the Gram-negative Sarcinte. (I must again refer to 
the chapter on ' Staphylococci,' p. 39. According to Lehmann, Neumann and 
Migula, many Mi^rrococvi can under special circumstances form Sarcinie.) 

Brons' sixth strain showed special peculiarities. In the secretion of the lacrymal 
sac, along with Pneiimococci and influenza bacilli, Hip io cocci were found which 
were not intracellular, and which grew on ascites agar in the form of tough, rather 
firmly ndherent yellowish colonies, with smooth borders and finely granular 
appearaace. They diminished from the fourth generation both on this medium 
and also on peptone agar, becoming pulpy. Their colour gradually became 
brownish-yellow. Bouillon became diffusely clouded, no scum, but a viscous 
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slimy deposit, which was homogeneous when shaken up. At 18° C. there was only 
a slight growth in the upper part of a stab in gelatine. Milk was not coagulated. 
They fermented all sugars except mannite and galactose. They were not influenced 
at all by meningococcal serum. 

Brons is in doubt whether the varieties may not approach each other stUl more 
on further cultivation. 

The Abelsdorf-Neumann Diplococci are so far peculiar in comparison with the 
typical catarrhalisj in that they form milk-white colonies on agar ; they also 
slowly liquefy gelatine. 

Differential Diagrnosis of the Gram-Negrative Diplococci 

found on the Coivjunctiva. 

From what has already been said, it is obvious that the Gram- 
negative Diplococci can present such diflBculties in their differential 
diagnosis that in some cases it is only possible after cultures have 
been made, and in the cases of Gonococci and Meningococci after 
agglutination tests have been carried out. This certainly is fre- 
quently seen, but still in a great many cases differentiation is possible 
without these special means. Anyone who is moderately familiar 
with the appearance of the Micrococcus catarrhalis will recognize it 
often in smear preparations, on account of its difference in size and 
shape from the Gonococcm, the small amount of secretion present 
in proportion to the numbers of the cocci, and the free admixture 
of other organisms {Staphylococci, xerose bacilli, etc.) ; the secretion 
is also very poor in cellular elements. The very appearance of the 
slide conveys the idea of a saprophytic growth, as Brons has 
pointed out. A plate in the A'. M.J\ A.y 1907, Bd. i., shows this very 
well. The admixture of other Bacteria is not quite so obvious in 
Plate III. of the present work, as only a small field is there repre- 
sented. The question between these organisms is easily settled by 
cultures (vide supra). The Mcuiuf/ococci present much greater diffi- 
culties in their differential diagnosis. 

Under certain circumstances agglutination tests are necessary. 
The test by inoculating the urethra cannot be applied. With that 
test the differentiation is very easy, as numerous inoculations of 
Gonococci on the human urethra always caused a blennorrhcea ; while 
similar inoculations which Zupink made with fresh cultures of 
Meniuf/ococci in the same situation were always negative. This is 
a biological proof that the Gojiococcuh, in spite of morphological and 
cultural similarities, is not identical with the Mmhif/ococruii. Such a 
method of determination, however, is not available for us. 

It would be quite incorrect to conclude that the slide diagnosis 
of the GouovtH-vuH is of no use. It has only lost, relatively, some of 
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its certainty — to what extent can only be decided when we have 
answered the queBtions : To what extent do these Gram-negative 
Bacteria occur upon the conjunctiva? Under what eircum stances 
have they been met with ? 

The general experience regarding the urethra is that other Gram- 
negative organisms are so rare in this situation that the slide diagnosis 
'gonorrha>a' is in practice almost absolutely certain. Cases are 
hardly ever known of in which the typical microscopic appearance 
has been caused by other organisms ; the occasional recorded finding 
of such organisms only refers to colonies occasionally seen in cultures, 
and easily recognized there. 

With regard to the naso-pharynx and broncbitic sputum, the (I'mn- 
nu/i-iiif does not come into the question ; there are no records, con- 
firmed by culture, of its occurrence in this situation. The earlier 
isolated records^-.' .j/., Ablteld and Trantenroth {licnt. M<-l. li'mh., 
April (i, 1894. ' Gonokokken in der Mundhbhle '), Rosinsky, and 
Leyden (Znitr. f. (Jan. ii, Gdmrt., 1894) — refer to purely micro- 
scopical appearances, and were most probably due to the MicriH-niTiiH 
catarrlutlin. In the nasal secretion the differential diagnosis between 
Micmcacciis raUirrhaJh and M'-nnifjiiroa-i's may be of importance, and 
in the slide present some difficulty. In such cases cultures are 
available, and render the difference apparent. 

In the eye the conditions are different from those of the urethra or 
the respiratory tract. 

We must here state that very few indisputable demonstrations of 
Mt'iiiiifidCfiirii'i on the conjunctiva have yet been published. C. Friinkera 
findings are claimed by Urbahn, Czaplewski, and others to have been 
other l>iiiioa«:ci, as the decolorization by Gram was not complete, and 
the cultivated organisms grew in chains. Such imperfectly Gram- 
negative organisms should have been readily distinguished from 
G"»oriici-i in the slide preparation, although their shape was similar — 
a iKiint I was able to confirm by examining the slides which Geheimrat 
FrJinkel kindly submitted to me (i-/. Fig. 44, p. 208). Friinkel in his 
paper only emphasized that the differential diagnosis from the Gram- 
positive organisms required some care. (They may show the form of 
the lUpli'd'cri.) The organism, which Haglund describes as Mi-niiif/o- 
I'li-niK, was exquisitely Gram-positive, formed chains in culture, and 
most be considered as one of the Slnfloniiri. 

fVccording to tbe literature collected by Uabrielid^a, Kuplick (Aiiler. Med. Absol'., 
Wfuhingtim, 19041 found the Meningococciit ill the secrelion of a conjunctivitis 
which preceded a meningococcal meoingitiB. I aJao 6ai it stated that D. Smith 
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(Arch, ol Oph., 1905, miv,, p. 4») io 100 coses of conjunctivitis found one with the 
Mier. intraedlul-aria me^dngitidis, ia a. nomaji who bad nureed a case of meain- 
gitiB, An exact cultural diHerential diagnosis was not made. 

In B. child of twenty-five months, who had a typical cerebro-Hpinal meningitia, 
Gabrietidi's found the true Meningococci in the cerebro- spinal fluid ; and on the 
inflamed conjunctiva, along with numerous xerose bacilli and Pneumococci, he 
obtained, partly inside and partly outside the cells, Gram -negative Diplococci, 
which in every cultaral peculiarity reaembled those found in the durat sac. As 
the conjunctivitis oocurred during a meningitiH, and at the lime there wns no 
possibility of a gonorrhreal infection, this is proof of iiieninr;ococcal infection. 

E. S. Thomson reports that among 400 cases of b!ennorrliu>a (Amer. Med. Assoc., 
Sect, of Oph., 19061 be saw the Meiungacoccui ' two or three times.' He gives no 
further details. 

G. Canby Robinson [Fifteen Cases of epidemic cerebro- spinal Meningitis, with 
especial reference to the Isolation of 
the Meiiiiigococcut from the oirca- 
laling blood (Amer. Jour, of Med. 
Sc, April, 1906, ref. Ophthalmology, 
1006, iL, p. 659)] obtained typical 
Meningococci from the purulent 
secretion of a conjunctivitis in a 
patient sufl'ering from typical epi- 
demic meningitis. In three further 
cases these were not to be obtained.' 

The fact that the M.-iiinf]<)' 
i-ori-iix can be found in tha 
Becretion of the naso-pharyni, 
not only in cases of meiiingitiB, 
but also in healthy individuals, 
is of especial importance with 
regard to the occurrence of the 
.Vc ('()';;' "■'"■'■"« in the eye. This 
distribution, which has been 
proved by WeichBelbaum, 
Albrecht and Ghon, Jiiger, 

Flugge, and others, is, however, according to the researcbea of von 

Lingelsheim, OBtermann, Westenhoefer, and Hasalauer," restricted to 

persons in the neighbourhood of meningitis patients. 

We canuot assume a free, general distribution of the Mi-iih){iocriccm 

in the healthy nasal cavity, and the records which state this are dae 

to a confusion with the Miiri'ciHfiis catanlmUs. 
The opinion that the MniiiifioconiiH would often be found upon the 

conjunctivii, an opinion based on this communication of Heubner's, 

must be corrected ; it is, on the contrary, but rarely found in this 

I CT, repord" of MmiiKi'totei in iiiBtastatic qjlulialniiii daring cerebro-si.iniil meningitis. 
• (y. Xmlr./. JIM., biig.. moo, Jli.. a. 7%. 




Fift. 45.— MENINOOCOCCt IN THE CoN.H 

TIVAL SkCRETION op A ChILD WfTB SlMUL- 

TANBOua Xerosis and Keratoma-Lacia. 
Ascites aoar Culturb. (Geam Stain, 

SaFRANIN COUNTEEBTAIK. ) >: 1,000. 
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Eituatioii. It would be going too far, when the present epidemics pass 
over, or when no epidemic occurs, were we to neglect entirely the con- 
sideration of this organism. Sporadic cases of meningitis are always 
being observed. Weicbselbaum discovered the Miniiujui'icnix in a small 
epidemic. The M-'iiuu/orncci must be able here and there to retain 
their vitality for a considerable time, although in the convalescent 
cases and in the healthy persons examined they could not be found 
after a few weeks had elapsed (von Lingelsheim). 

Brons has lately recorded the first case of true Mniiiiri'iroiri on the 
conjunctiva of a person who had neither suffered from meningitis 
nor come into contact with unv such sufferer. Fig. 45 is made 
from this case. The patient had a keratomalacia, due to I'li'umo- 
(■••rci ; for almost two weeks large numbers of the true Mnihitioocei 
also could be found on the conjunctiva. The true Mntititi{m>rciia 
is very susceptible to dryness (Albrecht and Ghon, Bettencourt and 
Frauca) ; if dried tor twenty-four hours on glass it is quite killed out. 
It cannot, therefore, maintain its vitality for long outside the body, 
a circumstance which further favours its rapid disappearance after 
epidemics. Germano's statement (r/. p. 123) that the Mriiitiiiiiaictnii 
is very resistant, and belongs to the ' drought-resisting ' organisms 
must, in the light of the latest control tests, be considered as in- 
correct. He probably worked with Bacteria which belonged to another 
variety, like the Jiiger organism. 

Brons has recorded an interesting case from myelinic. The patient 
suffered from cerebro- spinal meningitis; large numbers of the true 
Me)iiii;i"r<M-riig were found in the cerebro -spina I fluid, and in the con- 
junctival secretion a iHphH-m-iux, which, however, in every cultural 
peculiarity resembled the MU-nmiccug catan-hatis. Every Gram- 
negative IHplocicviiK on the conjunctiva of a meningitis patient is not, 
therefore, to be considered as a M<niiii!iococi:iiK, It is impossible to say 
with certainty whether the l^iph '(■"<••: ii« of Urbhan or of the first of 
Krukenberg's cases really were examples of the true Mriiriin'uomiK. 

The results obtained in our clinic show that the organisms of the 
Micriwrciin cafarrlialh group are more freijueutly found on the con- 
junctiva than was formerly thought. Neglecting the first of Kruken- 
berg's eases (as the latest work on the variability of the Gi')iocii<-riis 
shows that its differentiation from that organism was, perhaps, 
douiitful), in the four other cases cultures alone were e.^amined in 
three, and in ihe fourth a strong resemblance to the Gi'iioroi-niit was 
demonstrated in the secretion. In Brons' six cases Ihe secretion 
findings were also available in every one. The organisms were intra- 
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cellalar in few cases ; more often they lay in clustered masses. None 
of our cases were acute, but only showed the scanty secretion of 
chronically inflamed conjunctivsB, in which were also to be found 
numerous xerose bacilli, Staphylococci^ and in one case the Diplo- 
bacillus. The numbers of the Gram-negative cocci contrasted strongly 
with the small amount of irritation. This also was noticeable with the 
Krukenberg cocci in the series by Plaut and Zelewski, referring to the 
flora of the conjunctiva after extirpation of the lacrymal sac; here 
also large numbers of xerose bacilli and Staj)hylococci were found. 
In all these cases (and in a number of others clinically recorded, but 
from which cultures were not made) the cocci definitely appeared 
to be saprophytic in their habit, the more so as there was always 
sufficient ground for the associated irritation (extirpation of the sac, 
dacryostenosis, ectropion of the punctum, blepharitis, etc.). 

The following questions remain undecided : Are not many of the 
Gram-negative Diphcocci which are found in pus from cases 
which present the clinical appearances of a blennorrhcea the Micro- 
coccus catarrhalis ? Is it possible for a blennorrhcea to arise without 
organisms, and for the J>ij)lococci to have grown secondarily? Does 
the Micrococcus catarrhalis possess the power, like the GonococcuSy of 
producing a blennorrhcea ? To what extent is it pathogenic on the 
conjunctiva? 

We cannot yet give definite answers to these questions. What we \ 
do know is that in every case of blennorrhcea with Diplococci J 
resembling the Gouococcus in appearance, staining, and arrangement, / 
when cultures have been made, they have been shown to be tru^ 
Gi)U()C()Cci. 

In this respect Groenouw's results agree with those obtained in my 
own laboratory. There is, therefore, no proof that the Micrococcus 
catarrhalis has the power to produce a blennorrhoia. Nor is it likely 
that it can originate any process which can develop into a suppuration. 

We cannot exclude the possibility that it may cause a simple catarrh 
though there is no proof that it can. In Urbahn's case, there was 
a severe catarrh, though not blennorrhcea. As in the cases by AbelsdorflF 
and Neumann, so here, these cocci were in such large numbers that the 
preparation gave the impression of a gonorrha^a. In post-operative 
conjunctivitis in three cataract cases Abelsdorff and Neumann found 
their Gram-negative Diplococciis. This organism is very closely allied 
to the Micrococcus catarrJialis, only differing in the power of slowly 
producing liquefaction in gelatine, and in the milky white colour of the 
colonies. Its occurrence is, of course, no proof that it has any 
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etiological significance. Post-operative conjunctivitis is probably to be 
better espUined on the ground of mechanical and chemical (cocaine, 
disinfection) irritation before and at the operation. The Bacteria found 
in these cases vary very much.' 

We have no records of definite inoeulationa of the conjunctiva with 
the Mirriii-iirrii» rafiivrhalin. (Its pathogenicity for the nose is only 
probable on account of its enormous numbers in the secretion ; no 
positive inoculations have l>een made.) The pathogenic importance 
of the Mirriirorriis ratarrhaHn on the conjunctiva — if, indeed, it has 
any — still requires further investigation, and more exact bacteriological 
studies of the^e organisms would be useful. - 

With tbe clinical appearances of a blennorriuta, the prm-fival 
, diatfiinti-i •if fiinivj-rhiea can now be made from the Gram-stained slide 
with so great a degree of certainty that the faint possibility of the 
occasional presence of Mfiiimjovdccug or Micnicficnia catarrhalh need 
not be taken into consideration. Mistakes are more likely to arise in 
the slide diagnosis of very early cases. 

When we find Gram-negative cocci present in a alight catarrh, it 
may be a case of mild gonorrhosa, and when a culture diagnosis 
cannot be made, we should in practice consider the more serious 
condition to be present, and act accordingly ; but the possibility of 
the Mii-riictiiriix calmrliclin must also be considered. If cultures are 
made before a case is diagnosed as ' mild gonorrhtpa,' we should then 
be in the position to decide how frequently cases of 'mild gonorrhcea' 
occur. The i^tatement that, after the healing of a gonorrhrta, the 
(•■•n"nivciiH remains in the conjunctiva (Groenouw), and can cause 
recurrences (Meyerhof), requires the same control. 

Having found large numbers of intracellular kidney-shaped. Gram- 
negative Jiij>I(itoa-i in a case of blennorrhica, the clinician may con- 
sider it as good as certain that he has to deal with gonorrbica ; in other 
cases the probability is that such is present. Those cases in which 
the Mirnifocfi both clinically and microscopically give the impression 
that they are saprophytes, and where, in sharp contrast to the cases of 
gonorrhtfa, there is no genital lesion, according to our present know- 
ledge, we should especially ascribe to the benign Mirnx-iiiriiM catar- 
rlialh, or to one of the other varieties, and not to the Goui>i:ii<tu». 

In this manner our knowledge will increase, and we shall not be 

' I have most comuionly round B. Jxivsa. aud alsu ivliite |r»nily yellow) titayli'ilooKci. 
Thcj have a teudciicj to Uke tlic form of Gruu-[>ositivo, intntcelluLir l}ipliKocci (aee 
Plate II., Fig. f'/.), and on tnoculatiun show only moderate or very alight TJrulcnce : 
probably tliey hate very little to do <rith the p*tarrh (c/. aUo ji. 811. 

' [luaus and HutiiiKs n-]-i>rt in thoir ktum that they tnlco Tound the .Vie. catai-rhaiiM 
anotialed with the KiKli-Wieks bacillus. 8in.'h diapios.:-) should be verified by .■iiIIuwb. 
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neglecting ascertained clinical and bacteriological facts, and without 
further thought identifying the various members of the family of the 
Gram-negative Diplococci with each other. 



The Clinical Appearances of Gk)norrh(Bal Infection.^ 
Blennorrhcea. Ophthalmia Neonatorum. 

In comparison with its action on the urethra, the action of the 
Gonococcus on the conjunctiva is peculiar in the following respects : 

1. The resulting conjunctivitis does not present a clinical picture 
which is so peculiarly characteristic as is the case in a gonorrhoea! 
urethritis. 

2. The appearance of a blennorrhcea, classically produced by the 
action of the Gonococcus on the conjunctiva, can also be due to other 
agencies; it is not so exclusively a gonorrhceal condition as in the 
case of the urethra.^ 

3. A true chronic gonorrhoea of the conjunctiva, comparable with 
that so commonly found in the urethra, where the Gonococcus can be 
found for years on the mucous membrane, has never been certainly 
recorded {vide Groenouw's and Meyerhof's results). 

It has been established that a milder affection can result from the 
action of the Gonococcus; such cases approach the type of a simple 
catarrh, and are not merely the less acute stage at the onset or termina- 
tion of the severe form. This latter possibility can occur in special cases, 
when, before the onset of the gonorrhoea, the conjunctiva has been 
the site of scarring. Miiller has often observed this in Egypt in the 
case of patients with old trachoma. Even if we do not allow that 
the Gram-negative intracellular l)lplococci really were Gouovocci, but 
insist that they belonged to the allied but not identical species {vide 
supra), we still can establish the existence of quite mild cases of 
gonorrhoea! catarrh. In 1888 Schmidt-Rimpler asserted that mild 
cases of gonorrhoeal conjunctivitis did occur. In a newly-born child 
von Herff observed a delayed infection with Gonococci, taking the form 
of a simple catarrh. In my own clinic Brons has recently observed 
a mild ophthalmia neonatorum in which he demonstrated the Gono- 
coccus microscopically and by cultures. Kalt has clearly shown that 
the introduction of gonorrhoeal secretion into the conjunctiva does not 
always produce the action that would be expected. With a view to 

' Metastatic f^ononhcpal conjunctivitis, inentioncd on p. 130, is liere excluded. 

- The exceptional occurrence of a urethritis without Gonococci is recorded and contirnied 
by Jadassohn (sec Urbalin, J. /. A., JM. xlv., Ergz<,^sh.), Goldberg {A. /. Derm. m. Sifph.y 
1901, Bd. Iviii., j). 113, where further literature is given), and Morax. 
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clearing up an old case of trachomatous patmus in a child, he intro- 
duced gonorrhtt-al pua from the urethra without producing any reaction. 
A record by Iljilen (1897) should here be noted. In a mild acute con- 
junctivitia in an adult he found a Gram-negative I>ij)loriHriin which 
grew rather more freely on ascites agar than the Gi'inK-ncuM usually 
does, but otherwise was identical with it. Dalen rightly Btated that it 
could quite well be a mild goi]orch(8a, but that in such cases attention 
should be paid to the other allied organisms. 

Though rare, alight cases can occur on a conjunctiva which haa 
previously been quite healthy ; this has been specially mentioned by 
Morax and bis pupil Druais as a variation of ophthalmia neonatorum. 
With regard to these I's'-nilti-iiiinonxri — i.e., the confusion organiama, 
the name not being intended in the sense ot any special variety of 
Bacteria — it is especially desirable that in the future these v.isea of 
apparently mild gonorrhrea should be carefully examined by culture. 
The same may be said concerning the results of Morax, Mtiller, and 
Meyerhot, who state that the Gi'n<iri,o:iis may lie latent and innocuous in 
the trachomatous conjunctiva, as, for instance, Meyerhof reports having 
found enormous numbers of Goiiiiniiri in a case of trachoma in the partly 
scarred condition, AccordingtoMeyerhot's latest reports, the C/'n/cicficrKu 
can ' winter' on the trachomatous conjunctiva. Butler also reports that 
in Palestine he saw very chronic cases with Gmn'cocri present. Further 
testing with cultures is necessary to decide this question. 

These occa.sional and exceptional departures from the typical 
appearance of gonorrhtea present no special difficulty; they are only 
examples of how the reaction of the conjunctiva varies with the 
quantity and virulence ot the infecting agent and the susceptibility 
of the subject. It is obvious from Kalt's case, already quoted, that, 
in spite of its extreme contagiousness, we can still speak of ' suscep- 
tibility ' with regard to the O'Hhhiuciix. In this respect it is worthy 
of notice that in proportion to the enormous frequency of urethral 
gonorrhtta the conjunctival affection is rare in adultH.^ We should 
further note that a conjunctival gonorrh<Ea may remain one-sided, 
even although no pretrautions have been taken, or were possible, to 
protect the other eye ; we must therefore conclude that profuse 

' Meyi^rliof eiii[ibwizes the remarkable fact that iu Egypt, iu spltu aJ tlie fti'ijueiic; ul' 
iiretliiul goDorrh'i^a, >Dd ((onorrhtea of the tumunotiva in adults and citildrtii, it is inre tn 
liad a KaDmrhual ophthalmia DeonatoroDJ — the f ery o]>pOaito to what oacui'a in Europe. 
Butler Bnyg the wnie with ceKard to Palestine : he coiiMulera tliat ophthaluia neunatanim 
is praotiually unknown in that coontiT, and slates tliat urethral lesiona were practicslly 
never found iu tlis maay ehildreu and adulta which he Dtisvmsl with go]iiirrhu?a of tlie 
ooujunctivB. The infectioti must spread more from eye to eye than from urethra to eye. 
GonorrhintI conjuncCivitia in summer is more dangerous to the uornea tbnQ iu wintiT. 
Oonorrhojal rheutiiatiaDi and iritis were never se«li by liutler in the I'jut. 

15— 2 
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contamination with infectious material, which must often occur in 
washing, etc., does not always produce the disease. In the case of 
babies the unilateral affection is rarer than in adults : in the former 
Kroner found six unilateral cases out of sixty-three, Groenouw one in 
forty-one, and Druais seven in twenty-four ; in adults, on the contrary, 
B. Inouye states that the unilateral is the more common. 

It is possible that the infectious material sometimes did not take 
hold, being so rapidly washed away by the tears, or that a certain 
amount of immunity was present, or that the damage was averted 
in some other way — c.fj., by the tears making the nidus unsuitable. 
The urethral secretion also, before reaching the conjunctiva, may 
have been diluted (<'.//., in water), cooled or dried, and thus have lost 
some of its virulence. Piringer's experiments show clearly the well- 
known variation of activity in definitely gonorrhoeal pus from the 
urethra, when diluted or cooled. The infectious material in the 
urethra is, of course, rubbed in with more vigour than in the con- 
junctiva. In the case of newly-born babies, on the other hand (who 
also have not yet developed a flow of tears), the susceptibility of the 
conjunctiva is influenced by the mechanical squeezing and irritation 
which it is subjected to in the act of parturition. 

The occurrence of non-g*onorrh(Bal catarrh and blennorrhcBa in 
newly-born infants naturally varies very much. Soon after the dis- 
covery of the Gonoroa-Kft of Neisser, the serial examinations of Kroner, 
Widmark, Haab, Schmidt-Rimpler, and others, showed that the 
(ronococnis was absent in many cases of blennorrhcva. 

The followinc; are some of the statistical data : 

Kroner in 92 cases found the Gonocorcus 68 times. 

Widmark in 108 cases found the (ronococcus ()4 times. 

Chartres in 2') cases found the (ronococcus 11 times. 

Groenouw in 40 cases of blennorrho^a neonatorum found the Gonococcus 

14 times. 
Haupt in 62 cases found the Gonocorcns 45 times. 
Gonin in 30 cases of catarrh found the Gotwcocrus 24 times. 
Morax and Druais in 60 cases of catarrh found the (ronoroccnti 24 times. 

As might have been expected, the relative frequency varied. 

Kopf stein in fifty-one severe cases only found the GofUK-occKs thirty 
times. 

Since the other causes of conjunctivitis, the Gram-stain, and the 
finer points of cultural diagnosis have been discovered, these 
researches have been repeated, with the result that the Pncnmocorcn.^ 
(Morax, Gasparrini, Axenfeld, Gifford, von Ammon, and others), the 
Koch- Weeks bacilhis (]\Iorax, Chartres, Gonin, Druais, McKee), the 
Staph jihu-acciiH ])t/();irnrs (utrnis^ when they are found in ophthalmia 
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neonatorum, mostly produce a simple catarrh, with mild results; but 
they may occasionally produce an appearance which cannot be dis- 
tinguiBhed clinically from the true gonorrha'a. This has lately been 
confirmed by von llerff (' .Tahreaber. Basel,' 1903, p. 34). The I>ii>lo- 
bariUiiH (Mor&x-Axenfeld) has been found in some rare cases (Andrade, 
CoUomb; see Druais, p. 74). Von Ammon found Fried binder's Piinimo- 
haciUiix three times, von Herff I'linri/annii twice. Axenfeld. McKee, 
and Bietti found the liaiii-nmn coli commniiv in large numbers and in 
pure culture ; they stated that it probably had an action in producinE 
a conjunctivitis. Cbartres, Druaia, and others, found the S'fiv/if <».■'"■(■»« 
pyi/rii'it: Zur Nedden found the ' pseudo-inHuenza bacillus," or, 
rather, the influenza bacillus, pure in cases presenting the appear- 
ance of a severe blennorrhtea ; Druaia and Moras also described 
a slight case in which they found the Pfeiffer influenza bacillus; 
Gasparrini described cases complicated with severe destruction of the 
cornea, in which he found I'iiriini«c'n-i-i of high virulence; Axenfeld, 
Deyl, and Schmidt found pure cultures of very virulent diphtheria 
bacilli in cases of ophthalmia neonatorum with marked membranous 
formation, which rapidly healed under the influence of the curative 
serum, also single cases with enormous numbers of highly virulent 
Stai'liiil-o'iiiin iiniriiK; Cramer, Schmidt-Rimpler, Groenouw describe 
the MiiT'in limit liilriix as present, an organism which is identical 
with the coccus which von Herff found in a case of ophthalmia, and 
called the J 'iiilnrnrriiH rlarun, an allied organism to the Staph i/l'in'mm 
aiiirus; Axenfeld, Cramer, Groenouw, Kiinigstein, Morax, and von 
Herff agree that a typical blennorrhiea can occur without any definite 
bacteriological findings. 

To consider, aa (loes E. von Hippel, that in these coses the Gcmocovvi were only 
difficult to dcmoDBtratc, and that they might have even escaped the repeated 
exmmnationa, U not justifiable, as the authors mentioned examineil their cases with 
every precaution, and it ia well known from experience that in gonorrhiEB ot the 
conjunctiva, the cocci are freely to be seen in the pus. To avoid any error, only 
caaes which have not been treated, and are noC subsiding, should be considered as 
a test. L. Mttller has recently stated that cases of gonorrhoea of the conjunctiva 
do occur in which the Gonococcut can neither be denionatrated in the secretion nor 
in the culture. In ench cases there is a great tendency to attribute the cause to 
other harmless organisms which inay be present. 

Puller details o[ this rather surprising finding are not available. 

The etiology of those rare cases' (Magnus, Galezowski, Hirach- 
berg, Nieden, Friedenwald, Strzeminski, Cunningworth, Armaignac, 

' aidoey Stephenson and Kotd luve reviewed the literature of tlie Efly-five cues 
published up to date. In their own ei^rbtecii ouei they fuund the 'rmi/irurcui fifteen limea, 
thf fHriniwroccm twici-, anrl thv Ilneillust <:o/i co,„m^i>i(i i.nce. 
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H. "Woods, Morax, Sidney Stephenson, and R. Ford, etc.) in which a 
chUd is born with either a commencing or an advanced blennorrhoea, 
sometimes even with corneal lesions — natuifally intra-uterine infection 
— is not etiologically unique, as here also the Gonococcm is much the 
most important agent, just as in the cases which begin on the first or 
second day (see the literature by Saemisch, loc\ rit., and Morax, loc. cit.). 
Gasparrini has described a severe case of congenital pneumococcal 
conjunctivitis. On the other hand, the catarrh which sets in later 
{Le.t from the seventh day on) in the great majority of cases is not 
gonorrhcBal. 

The determination that a blennorrhoea of the conjunctiva which 
is not gonorrhoeal does sometimes occur, does not disturb to the 
slightest degree the etiological significance of the Gonococcus in those 
cases in which it is found in the pus. It is absolutely undoubted that 
gonorrhoeal pus can produce a conjunctivitis, especially seeing that 
the inoculation of pure cultures of the Gonococcus on the conjunctiva 
has furnished definite proof ; ^ in the same way the occasional absence 
of a reaction after inoculation (see Kalt) does not affect the positive 
results. Even if in the course of time many of those organisms which 
we now consider as Pseudo-ffonococci should be proved to be merely 
varieties of the Gonococcus, its pathological significance would remain 
certain. 

The above facts must not be considered to indicate that there is no 
clinical difference between gonorrhoea of the conjunctiva and other 
forms of catarrh. On the contrary, although perhaps we cannot 
always say on the first clinical examination, whether the case is one of 
gonorrhcL^a or not, the further course of the gonorrhoea is, as a rule, 

* Kart\ilis obtained ji tyjncal uiethral ^oijorrha-a witli the pus IVoin a conjunctival case. 

Abscesses corresponding^ to the peri -urctli nil are rarely found in the eye. In cases such 
as that ol Fuehs (' Lehrl>uch,' 11^0')), where the lids were ^^augrenous, some other infection 
probably was at work (Strrjtfococrvs^ Ji. diphthrrin ). In a few eases the lacrymal gland has 
been affected (Seligsolin). Tlie niiijority of the cases of dacryo-adenitis. with urethral 
blennorrhoea. seem to have l)een certainly metastatic, and not eetogenous (Panas, (Jonella, 
Teison, Pes, Morax and Ferry, Ktievant ; see the literature by Pes, A./. A.y 190;'), li. 157). 
The anterior ethmoidal cells are alleeted in rare cases (G. F. Suker, Ann. of 0]>hth., April, 
10or»). In Campbell- Posey's cases the sphenoidal sinus and the nasal (cavity were affected 
(Philadelphia Ophth. Sect., November, li>0».J, and Ann. ofOphtli., 1V»07, p. 71). Pus from 
the splienoidal sinus eontaint'd the <!inu><oa'vs : considering tlie prevalence of the Mt'cr. 
citiirrJiiiIis in the mtse, cult»ir<s would have been desirable in this case. The occurrence 
of a general infection Irom the conjunctiva is une«»mmon. .Such cases of conjunctival 
ponorrh'i al rheumatism li.i\c brrn described by Deutschmann. Lindemann, Wichcrkiewitz, 
Sobotka. Koock, Koss, Lueas. Comba. Paulsen, Smith. Altland, Neuberger, Dahlstroeni. 
For further ea>es, see tlie literat\uv by I'es (h>c. rit.^ p. KH . and by Saemisch (p. 236); 
also by Wodrig (Inaug, l)issert.. Berlin. 1906). In certain of these cases the (uintKttctui^ 
was found in the Joints (1 )eutselmiann, Lindemann, Hock, Sabotka, Finger, Panlseu, 
Altland, Dahlstrocm. Hocheisen). Or very lare occurrence are such cases as those of 
Murray tatal geiiei:il infection with endocarditis (Oj.htli. Peeoi'd. P.>00^ p. 63) ; Stevens 
(//>/'/. r l'.«0.'». \K .'»ll<;, and P>rcmer {Ihufsrln M,,l, Ifoch., I'.'O.', ^'o. 2}.. 
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quite different from that of the other infections. The aeries of 
Groenouw, von Ammon, and Morax confirm thia. With rare excep- 
tions, gonorrhtea lasts for weeks, requires special treatment, and ia 
very dangerous to the cornea ; ' the other forma more rapidly subside, 
especially the pneumococcal conjunctivitia. Gonococcal infection more 
commonly leads to severe purulent blennorrhii'a, non-gonorrhceal to 
slight forms of catarrh. 

InmsjiysBries (iJruaUi aliuoat half the cases cannot be defined bacteriologically; 
in theae either nothing is found or else the inevitable B. xero»ia, with or without a 
(ew cocci. The irritant here is probably a chemical (raumntism. 

Cramer hag shown that bruising of the conjunctiva often occurs dnring par- 
turition, and chemical irritation can occur very easily. The use of silver nitrate 
(Cred^), so common in these cases, can also produce a profuse catarrhal secretion. 
Cramer is of the opinion that in such damaged conjunctivn.- the otherwiae harmleBs 
Staphylococci, which always settle down a few days after birth, can multiply and 
produce a secretion in spite of their low virulence. Morax states that these are the 
cases in which hereditary syphilis plays a part. That an influence which generally 
ia slight and weak can markedly affect the onset and the course of a catarrh is 
shown by the frequency of catarrh in premature and weakly children. It is quite 
rational to treat cases which are progressing badly by antisyphilitic measures 
(Lagrange). 

No etiological significaace can be attributed lo the Bacillus j:ernaiii, so commonly 
found !□ the last -mentioned group. Groenouw examined several cases, and found 
that the bacilli were quite avirulent when tested on animals, and did not react to the 
Neisaer stain, It is very exceptional to find virulent diphtheria bacilli in newly- 
born infants. 

Groenouw cultivated the Gonococctis from the conjunctiva in forty- 
one cases, and found that, as a rule, the following was characteristic : 
the organisms grew with certainty only on serum agar ; a very alight 
growth exceptionally occurred on the ordinary media, but only when 
pus was removed with the organism ; they could not be propagated 
further on these ordinary media. 

The presence of the (ionococvi continues parallel with the amount of the dis- 
charge ; when the Diptwoci-i disappear the secretion ceases. Groenouw has, how- 
ever, shown that cases do occur in which the Gonococci persist after the secretion 
has ceased, even up to the twenty-fifth day. Meyerhof talks of a persistence for 
a month.* This was probably due to the presence of Conocoi-ci on a conjunctiva 
which had practically returned to the normal condition, and suggests the develop, 
ment of immunity, the. more so as .gonorrha'a of the conjunctiva always heals 
without treatment, though in some cases only after destruction oflEFcomea, A 

' ffot only can the 'lonacotcas infect the globe of itself, peuetrstiug into the iris 
(Dinkier) even as l«r as the eijuator (KrenuU), but sujipuralion of tbi- globu can luka ^Aaw 
from the pyujjenic orgsuisiiia present at the same tuns (Kalt. Chibret), nfter the tniin uf 
the Oonoaxtd hu ]'re|iared the way by lonseniug the corneal epitbelium (oxperimenta uf 
CoTipai). Chattres sayn thst the •aaooiatod presonca of SIrcpioeotci is eaj)eciaLly dangerous, 

' It is danbtfal whetlinr theie }ieraisting eooci did not belong to tbn other Ocsm-negntive 
groups. A csrufut diagnosis by cultures n to lie reuomniuided in snob interesting I'sses. 
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suppuration has ceased, there is merely a stage of papillary trachomatous hyper- 
trophy. As a rule Gonococci cannot be found in this stage, which after some time 
disappears completely, leaving no scarring. If in a trachomatous country a gonor- 
rhoea is directly followed by trachoma ^see section on ^Trachoma'), we should 
consider it a mixed infection. A chronic gonorrhoea, such as would be suggested 
by the former name of 'chronic blennorrhoea,* is certainly not present in these 
cases. The fact that, a short time after the subsidence of a gonorrhoeal inflam- 
mation, the Gonococci completely disappear out of the conjunctival sac is certainly 
no proof that the other Gram-negative Diplococci which we find on the normal 
conjunctiva are to be considered as Gonococci which have become avirulent. 
There is just as little justification for the former hypothesis that Gonococci could 
occasionally be developed out of the other Gram-negative Diplococci; a contagion 
from without can be proved in almost every case of gonorrhoeal inflammation. 

It is very doubtful whether a superimposed gonorrhoea has any curative action 
on a trachoma, even though an old pannus may be cleared by this means. 
Gonococcal toxin, which was shown by the experiments of Morax and Elmassian 
to produce, after an incubation of twenty-four hours, a severe catarrh on continued 
instillation, could not produce any curative action. 
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SECTION 6.— STAPHYLOCOCCAL CONJUNCTIVITIS. 
Plate II., Fias. I'., a and h; VI., a and b. 

Staph i/lncocci are very common on the normal conjunctiva, and alao 
in irritative conditions ot varied pathologj'. It is tliereCore difficult to 
sharply delimit a staphjiococcal conjunctivitis, and the difficulty ia 
increased by the regular failure of repeated attempts to produce a 
catarrh by the inoculation of pure cultures of virulent Staphi/locncci 
pyoiHin-s uinwiix on the human conjunctiva (Leber, Sattler, Bach, 
Hirota). Collica-Accordina only Bucceeded three times in producing a 
conjunctivitiB by inoculating very virulent atirnis on to the intact 
conjunctiva of newly-born dogs. 

This, of course, is no proof that, under special circumstancea, 
virulent Staph i/hic-rn (particularly the (inniix, which is rarely found 
on the normal conjunctiva) are not able to produce a conjunctivitis in 
man, especially when an irritated condition ie already present. 

Bach and Neumann report that the introduction of wimm into the 
conjunctiva of a patient who was suffering from a subsiding phlycten 
caused the profuse secretion to recur. Its prevalence in so many 
cases of new-horn catarrh which are not gonorrhceal,' is in favour 
of its causal significance in these cases (Axenfeld, Groenouw, von 
Ammon) ; in their secretions we find IHphi-occi which are certainly 
very like Giniacorci, but can be at once differentiated by the Gram 
stain (see Plate II.). 
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A similar condition of affairs is present in many cases of follicular 
catarrh. The coccus found by Michel, Sattler, Goldschmidt, Wilde- 
brand, Saenger, and Staehlin in this condition often shows a number 
of points of difference from the common coccus (which does not 
liquefy gelatine). Samperi attributes to the Staphylococci an action 
in the production of that form of conjunctivitis folliculosa which 
occurs in people who work in a dusty atmosphere. It should be noted 
that exactly the same organisms occur on the conjunctiva which is not 
affected with follicles. 

Thus, Fig. IV. y h, on Plate II. is drawn from the secretion of a post- 
operative conjunctivitis, and shows how a transient and harmless 
catarrh can occur a few days after a cataract operation, apparently 
due to the mechanical and chemical irritation at the operation from 
disinfection, etc. In these cases I have found such phagocytes con- 
taining Diphcocci in enormous numbers. On cultivation the common 
white, non-liquefying Staphylococcus, of variable but slight virulence, 
was found ; it can therefore be concluded that, for such a catarrh at 
any rate, these organisms have only a secondary importance. These 
cocci have nothing to do with true trachoma ; the experiments of 
Yillards fail to demonstrate any such connexion. 

An acute catarrh often occurs in the course of a blepharitis, or an 
eczema, especially the impetiginous variety ; in such cases large 
numbers of the aureus^ are often found, and under the circumstances 
may well have a pathological significance. Poulard described this 
staphylococcal conjunctivitis fully; it is non-contagious, as can be 
inferred from its frequent unilateral occurrence, and occurs in persons 
with a special disposition.'- It is not always possible to prove in these 
cases that a pyogenic form is present. In some cases the number of 
the cocci is so small that we should not be correct in attributing an 
etiological significance to them. 

I have often noticed that we find Staph ijlococci in chronic conjunctiv- 
itis, in ectropion of the lids or punctum, in cases of neglected catarrh, 
and in cases of trachoma where the surrounding skin is very dirty. 
The StapJtj/lococci here have probably some action, just as they play 
an important part in many forms of inflammation of the lids, 
hordeola, and pustules. In these cases of blepharo-conjunctivitis the 
Stap]i//l()((K'cns aun'us is the important one ; in the other cases the 
organism which is found is the ordinary white coccus of the conjunc- 
tiva and skin, which does not liquefy gelatine and has a very low 
virulence. 

' Oiteii along with Sh-t:j)f.ocoa'i. - Perhaps a low opsonic indeS:. — Tuansi.atou. 
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In rare cases of peeudo-membraBoua conjonctivitis StajihylDcmriig 
aiin-iiH alone is found in enormouB numberB (Gasparrini, Pichler, 
Jessop, Coppez, Gosetti and Jona, Bietti, RoBcher). These cases can 
be both severe and lasting. It ia much more common to have diph- 
theria bacilli and Strrjitm-oni along with the Staph iihwuri. 

Farther research is necessary to determine the causal connexion 
between the Slapliiil-mirri and the so-called phlyctenular external 
jiffections of the eye (ec^^ematous and scrofulous). 

Sporadic, and usually mild, cases of catarrh are found which do 
not show the usual conjunctivitis organisms. It is difficult to say 
whether the Slapliifh«-nri-i, which are so often found in these eases 
along with the xerose bacilli, are causal or not. Stephenson, Randolph, 
Duane, 'and HastingB hold the view that they are causal. Hirota 
states that their occurrence in these cases cannot be differentiated 
from their occurrence on the normal conjunctiva, 

Morax and Elmaasian have shown by protracted instillation that 
the toxins of the virulent .staplii/l'it'iK'i can produce severe irritation 
in the conjunctival sac. Randolph produced severe inflammation 
by their subconjunctival injection. In his latest publication Morax 
states that a staphylococcal conjunctivitis is quite rare. In his last 
work on conjunctivitis he insists that the Staph ijliHoufi mostly develop 
secondarily — that is, when some other irritation has already occurred ; 
it is quite possible that they can then increase and keep up the 
inflammation, provided that a really virulent form is present. This 
may explain how Meijers was able to produce a conjunctivitis in 
rabbits by the introduction of virulent Staph iihu'wrim aun-nn into the 
conjunctiva, after ligaturing the lacrymal passages, and stitching the 
lids together. Rbmer produced the same result when he initated the 
conjunctiva with dust, sand, etc., at the same time as he inoculated 
it ; Samperi did the same ; and Cramer is of the opinion that when 
the conjunctiva has been squeezed and made susceptible during par- 
turition, the Slai'hj/h'C'iiriix can act as the cause of an inflammation in 
the newly-born. 

Gonin, after carefully considering this question, came to the con- 
clusion that in some cases of pseudo-membranous conjunctivitis, 
catarrh with eczema of the lids, etc., the .S'fa/./i.(//<".,ctt may be con- 
sidered 118 the cause, especially if present in large numbers and 
in a virulent condition, but that in the majority of cases they cannot 
be so considered. Lundsgaard takes the same view, and 1 also agree 
with him. We must not speak of a ' mixed infection ' if along with 
the organism causing the conjunctivitis numbers of Staphylrn-na-i can 
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A Bitnilar condition of affairs ia present in many casea of follicular 
catarrh. The coccus found by Michel, Sattler, Goldacbmidt, Wilde- 
brand, Saenger, and Staehlin m this condition often shows a number 
of points of difference from the common coccus (which does not 
liquefy gelatine). Samperi attributes to the Slopl'^il-'ri'rri an action 
in the production of that form of conjunctivitis folliculosa which 
occurs in people who work in a duaty atmosphere. It should be noted 
that exactly the siime organisms occur on the conjunctiva which is not 
affected with follicles. 

Thus, Fig. IV., h, on Plate II. ia drawn from the secretion of a post- 
operative conjunctivitis, and shows bow a transient and harmless 
catarrh can occur a few days after a cataract operation, apparently 
due to the mechanical and chemical irritation at the operation from 
disinfection, etc. In these cases I have found euch phagocytes con- 
taining rUpliiiiirrt in enormous numbers. On cultivation the common 
white, non-liquefying StaphifhiriH-run, of variable but slight virulence, 
was found ; it can therefore be concluded that, for such a catarrh at 
any rate, these organisms have only a secondary importance. These 
cocci have nothing to do with true trachoma ; the experiments of 
Villards tail to demonstrate any such connexion. 

An acute catarrh often occurs in the course of a blepharitis, or an 
eczema, especially the impetiginous variety ; in such cases large 
numbers of the ninniK^ are often found, and under the circumstances 
may well have a pathological eigniUcance. Poulard described this 
staphylococcal conjunctivitis fully; it is non-contagious, as can be 
inferred from its frequent unilateral occurrence, and occurs in persons 
with a special disposition.- It is not always possible to prove in these 
cases that a pyogenic form is present. In some cases the number of 
the cocci is so small that we should not be correct in attributing an 
etiological signihcauce to them. 

I have often noticed that we find Suiphylovofi-i in chronic conjunctiv- 
itis, in ectropion of the lids or punctum. in cases of neglected catarrh, 
and in cases of trachoma where the surrounding skin is very dirty. 
The .stiiphi/lun-rri here have probably some action, just as they play 
an important part in many forms of inflammation of ilio li*U, 
hordeola, and pustules. In these cases of blcpharo-coujunntivitifl tile 
Siai>hi/lin:occiis aiiiriia is the important one ; in tho ullter eaaea tii« 
organism which is found is the ordinary while cocctiK of thft colijutu)- 
tiva and skin, which does not liquet; gelatine mad has a verj lott J 
virulence. 

' OfUii iilong Willi StrrpUKOffi. ■ I'lirli* 
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be found, for the latter are generally merely ' associated organisms/ 
which have no influence on the condition. 

The occurrence of Staphylococci, with or without B. xerosis, in a smear 
from a simple conjunciivitis is important in that it shows that we 
have to deal with a non-contagious process, in which the Staphylococci 
are at most of secondary importance ; or else with an infection of 
some other nature, whose cause we have not yet discovered (e.g., 
trachoma, follicular conjunctivitis, etc.)) and in which the StuphyU}- 
coccus is merely casual. 

According to my own researches and the records available, the 
Staphyhcoccus hardly comes into question as the cause of epidemics. 
We can make the general statement that the Staphylococctis on the 
conjunctiva is not contagious {cf. p. 110). 

Bach found a very small Micrococcus in an epidemic of acute conjunctivitis ; its 
inoculation on the conjunctiva of other persons reproduced the disease. This is 
the only record of a positive inoculation of the human conjunctiva with any form 
of 8t4iphylococcu8. No general deduction can be drawn from this record. On the 
whole, it is not likely that the Staphylococcus is a factor in the contagion of 
epidemics. 

The contents of the secretion in staphylococcal cases require further 
consideration and illustration (see Plate II., Figs. V. and VL), 

In considering the occurrence of Staphylococci upon the conjunctiva it is 
necessary on all possible occasions to take the secretion which has not been in 
contact with the lid margins or angles. In such situations a secondary contamina- 
tion and a growth due to contact with the cocci of the skin very soon occurs. The 
appearances cannot then be referred to the really important cocci in the conjunctival 
secretion. If we leave aside such cases, then the ones with excess of Staphylococci 
in the secretion are considerably decreased in number. A few stray cocci of this 
species in a conjunctival secretion are naturally of no etiological significance, as 
such are found there normally and can multiply on the slightest provocation. 

The name Staphi/lococciia (/.r., a bunch of grapes) indicates the clustered 
arrangement of the round cocci. This familiar appearance can usually be seen in 
the pus from abscesses of the lids, hordeolum internum or externum (see Plate II., 
Fig. F., a). It is obvious in pus from vitreous abscesses. In the conjunctival 
secretion it is less fre(iuent ; there we more often find irregular masses. The cocci 
very often vary in size. In many cases phagocytes are numerous, and the cocci 
may lie in them as well as free ; many of what appear at first to be round bodies 
present on closer examination a partition line, so that we have beautiful ' coffee-bean 
Dijflorocri/ 

The stainmg has a very great influence on the demonstration of this diplococcal 
form. The dividing line is hardly visible in preparations which are stained 
intensely ; then the globular form seems very obvious, and the only one present. 

This is especially the case in many Gram- stained films, but it also occurs when 
they are intensely stained with fuchsin. When only stained slightly — and over- 
staining is carefully avoided — this coflee-bean form is always more obvious, and 
may even be the only one present. This appearance is very striking in LolHer's 
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methylene blue films. Poaaibly in certain sec ret ions this may be a fixed 
characteristic. 

I must here state that aflc'r a consiilerable experience I consider that this oofTee- 
beaa form doea|not indicate any special variety, particularly any pathogenic lorm, 
BH one might suppose from the emphasis laid upon it bj' Michel with regard to hia 
so-called Troi^Iwma- co<ri, and by Wildbrand, Saeofier, and btaoblin in follicular 
Donjunolivitis. This diplococcal form is common to the whole group of the Slaphy- 
lorocci, and in eepeciolly noticeable in the white, non- virulent, common form when 
growing on the conjunctiva. Gram-positive coffee-bean shaped DipUicoce-i can 
generally be diagnoBed as tilaphi/locoeci,^ and a causal function should not be 
lightly attributed to them, as in the majority of cases tliey reprBsenl a aecoadary 
growth, not the original nr sole infection. 

The examination of a smear preparation does not allow us to diagnose which 
variety of the large family of the Staphijloro'\i is present, though it may be stated 
that the typical ({rape -like clusters appear more frequent in the strongly pathogenic 
forms, while the Uram-positive PKeudo-(ionnrocri (meaning organisms resembling 
the GoHiicocciiit when stained by the ordinary aniline dyes) more frequently occur 
in the common saprophytic forms. 

Even when in a culture there is only one form present (r.?., the slightly patho- 
genic Staphijlocncctii albin non-Uqtitfaciri'i, or Micncoccuii candieans), quite 
a cODsiderabfe variation in the si/e and arrangement of the cocci in the secretion 
preparation may be apparent. 

The common cultural cheiracteristics of the Sfapkj/lococcua pyogenen aureiii, 
albiit, and cilreiM (the latter of which is the rarest on the coujunctiva) will be found 
in the chapter on the ' Normal Conjunctiva," and in the tables at the end. The 
pyogenic forms liquefy gelatine with acid formation ; the saprophytes do not, 
though their agar and serum cultures very much resemble those of the alhus 
pi/ogenes. In the individual colonies the commonest white saprophytes show 
a concentric marking and a central prominence : this, however, is not constant. la 
many coses it resembles the variety known as Ibe Mii-rpcoccns ra-ndicana. 

lleeides the common representatives of the group of Stnphylococci , single 
colonies of the rarer allied forms are occasionally met with, but never in profusion. 
They are of very little practical value, I have referred to them in the chapter on 
the 'Normal Conjunctiva' (see p. 86). 

In the secretions of other kinds of catarrh ^f.i?., in tracbuinatous seerelions— we 
not uncommonly see very largo Gram-positive Diplocon-i, in which, when the 
staining is favourable, the clear separation line is very well marked {see Plate II., 
Fig. v., b). These may belong to the common white variety. They may, however, 
be Gram-positive SarriiiiF. especially when they lie in (ours ; the Sarcina: in the 
conjunctiva tend to occur less in packet forms than in fours or in couples (this is 
also the case for the Gram-negative SarciTiie, see Plate II., Fig. III., c). Capaolated 
tetrads should suggest Telrageiiui {Sari-ina lelrai/etia, Migula), which I have 
obtained a few times. 

This organism is of no practical importance in ophthaUnic practice (Valude found 
it in the secretion of a case of dacryocystitis neonatorum). According to Migula, 
tetrads and Sarcina forms can develop out of StaphijlMorri. 

On the normal conjunctiva and lid-margins the white Slaphylor.ncri are 
commonly found ; the aureus is the most generally met with on the catarrhal 
membrane. This is a repetition of what we tind in the skin in acute eczema, and 
in the lids in blepharitis, where with the inflammation the aureus always tends to 
come more and more to the fore. There are several possible explanations for this : 
either the inflammation afTects those people who have the aureut present, and 

' It is niuuli mrer for tlie SlTcji'ncoeriia to sliuH' tbia diplococcal rorni. 
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perhaps because of it, or the aureus flourishes better on those persons whose 
tissues are subject to changes such as are present in these conjunctivae and can 
further develop on them. This latter does really occur, for in the conjunctivitis of 
measles — in many epidemics, at any rate — the aureus is very plentiful (Schottelius), 
though it has primarily nothing to do with the measles or the conjunctivitis. 

The possibility of a change of the ordinary saprophytic Staphylococcus into 
the pathogenic form, due to a change in the nidus, is still under discussion ; farther 
records can be found (see the collected literature by M. Neisser) concerning such 
transitions — records which in every case do not pay due attention to the sources of 
error pointed out by Leber, that the white and the yellow Staphylococci may be 
intimately mixed, and can be transferred together in cultures. It is important to 
remember that Bupprecht and I have obtained a hsemolytic action from conjunc- 
tival cocci which appeared to be saprophytic — a characteristic which Neisser would 
only attribute to the pathogenic forms. 

The pigment in the aureus belongs to the group of the LipochromeSf and is 
insoluble in water. Every bacteriologist knows that its production is very variable, 
and Neisser considers it possible that the Staph, alhus may be a Staph, aureus, 
which, from some external influence, has lost its pigment. This contention must 
not be carried too far, for the transference of an aureus into an albus, with its 
special characteristics, has never yet been successful, and attempts to change -a 
non-liquefying Staph, alhus into an aureus have similarly always failed. 
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SECTION 7.~RAEEE FORMS OF CONJUNCTIVITIS. 

1. Cof^uiictivltis due to the Bacterium Coll. 

Plate I., Fio. V. 

In 181)6 Axenfeld found the Barterinm mli in pure culture in a case 
of ophthalmia neonatorum ; since then fiietti, Zur Nedden, BaemiBch, 
and McKee have also found it. In their series of cases of catarrh in 
the new-born infant Groenouw and Cramer found, along with the 
Qouficocriix, Bacteria which belonged to the coli group, but in some 
particulars differed from the ordinary form of coli. Axenfeld and 
Bietti state that blennorrhcca from thia cause heals more rapidly 
than the gono-blennorrhoea (of Saemisch) does. The bacilli when 
tested on animals were very pathogenic. Jarnatowski reported a case 
of conjunctivitis with the Baclerium i-nli. in an adult. Vossius and 
Markwaldt found bacilli of the coli group in a case of double con- 
junctivitis with iridocyclitis occurring in dysentery. 

U. Tailor reported a case of peculiar necrotic diphtheritic inflamma- 
tion in a child of one and a half years. It resembled a lime burn in 
appearance, and in the discharge bacilli of the coli group were found, 
which, when tested on animals, did not produce suppuration but 
necrosis. 

We have no definite records of inoculation of human beings with 
the Bachriiim roU. As, however, the lia'trrh-m <tili can cause a catarrh 
in other mucous membranes, especially the bladder, an etiological 
role can be attributed to it in those eases where it is found in the con- 
junctival sac in large numbers and in pure culture. Infectiousness 
has not yet been observed. Its power of causing inflammation 
and suppuration is apparent from the esperiments of Panas and 
Picot. 

The BaclerUim roli has been found a few times in the pus of a 
dacryocystitis (Mircoli, Uhthoff, Mazet), once in a panophthalmitis 
(Randolph), once in pus from the orbit fLoser), and a few times 
in hypopyon- keratitis (Zur Nedden, de Berardinis, Bietti). 
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A further case has been observed in my clinic by Kayser. Macnab 
records a case of keratomalacia in the secretion from which a 
mixture of coli, Pneiimococci, and a Gram-negative Dijdococcus were 
found. 

The organisms in the secretion: A point of differential diagnosis 
is brought out in the drawing on Plate I., where the Gram-negative 
bacilli are seen to vary in length. Occasionally they present the 
appearance of Dijdohacilli, but not nearly so constantly as does the 
Morax-Axenfeld bacillus ; on the other hand, long threads can be seen 
as well as single, short individuals. When examined carefully they 
cannot be confused with DiplohadUi. The resemblance to Zur 
Nedden's bacilli is closer (Plate III., Fig. III.), though these latter 
are slightly curved, and are somewhat smaller. 

Shortly stated, its characteristics are as follows : 

Short rods with rounded ends, not forming spores, without capsules, about 
0*7 to 0*8 y, broad, 1 to 3 /i long, in singles or pairs, rarely longer ; the smallest rods 
look like cocci. 

Gram staining is negative ; motile. The activity of movement is not very great 
(in contrast to the Bacillus ty2)ho8U8)^ corresponding to the fact that there is only 
one fiagellum at the end of the bacillus. The motility is very often rapidly lost in 
cultures as the flagellse are cast off, and appear free in the fluid of the stained 
preparation, swollen, rolled up, or tangled. In the case of bacilli which appear to 
belong to the coli group, but do not show any motility, we must therefore examine 
very young cultures in the hanging-drop, and with the special stains for flagellae 
(c/. * Technical Remarks,' p. 15). In a case of coli blennorrhoea published by Bietti 
we were only able to find definite motility in cultures which were not more than 
ten to twelve hours old. 

It is a facultative aerobe. Growth takes place on all media, even at room 
temperature. The greyish- white iridescent colonies spread out on gelatine as a 
circular or dentate film, growing rapidly even at room temperature (typhosus 
grows slowly). The gelatine is not liquefied. On agar a greyish-white, glistening, 
transparent scum. In bouillon a diffuse clouding, usually with the formation of a 
thin scum ; development of acidity, which in the older cultures again disappears. 
With varying rapidity milk is coagulated with acid formation. In grape-sugar 
bouillon acid formation occurs with gas development, especially of oxygen and 
carbonic acid. In sugar agar and sugar gelatine there is a definite development of 
gas bubbles. On alkaline potatoes there is a thin yellowish scum. On the addition 
of nitrite of potash and sulphuric acid to a twenty-four-hour bouillon culture 
there is a red colour — the nifroso-iudol reaction. The intensity of this reaction 
varies with the particular medium. Gunther, therefore, recommends that a control 
with a standard coli should be used. 

Of the cases which have been published in the German literature, those of 
Axenfeld, Taylor, Bietti, Mireoli, Mercanti, Mazet, Uhthoff, Ricchi, Randolph, 
de Berardinis, Jarnatowski, and Zur Xedden, have all shown the well-known charac- 
teristics of the Jiacierium coli to a varying extent. Groenouw*s results differ, in 
that he did not find gas formation or the indol reaction. The bacilli of Vossius 
and Markwald were not <]uite typical. Opinions will vary as to whether these 
variations should still be reckoned as the Bacterium coli. 
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It should be iioticad in this coimexioa that indol-free strains after prolonged 
cultivation may eventually produce indol (Bee Morris, Arch. /. Hijg. u. Infect., 
169T, Bd. XXX.. p. tt09). CacUH which, while showing oU the other cbaractoristics, 
morphological and aultural, show no moiility, have no flagellf , and do not form 
gas, ntay «tiU be considerod as modifications of the BacieriiKn coli. Gunther and 
others appose this view. 
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2. Capsulated Bacilli. The so-called Ozsena Bacillus (Ldwen- 

berg), and Friedlander's Pneumobacillus. The Bacillus 

Mucosus Capsulatus. 

(I'laie I., Fig. VI.). 

The appearance of the Pneitmobiicillas is clearly seen from the plates. It forms 
non -motile plump rods of varying length. 

In the secretion the capsules are always clearly seen, and when deeply stained 
they take on the dye much more intensely than those of the Pneitmocorma. 

It grows on all media even at room temperature." Gelatine stab cultures give a 
typical ' nail culture,' with a porcelain knob rising over the surface of the medium. 
No Uquefaction of gelatine, but a slight brownish discoloration of the inetliom. 
On agar and potatoes a thick white acum ; in sugar media gas formation. No 
fonnation of indol ; no spore formation. The cultures are very resistant. 
Facultative anaerobe. 

frrcfw -staining is negative. 

Pathogenic for mouse and dog : less so for the guinea-pig ; rabbits are not 
susceptible. This last statement is only true for subcutaneous and intrnperitoneal 
injection. In the vitreous these bacilli cause a severe iaflammation (Perles), and 
they are pathogenic tor the cornea and the anterior chamber. 

1 T 
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with ozffina it is Beldom found (Cn^nod, Ubthoff and Axenfeld, 
Gourfein) ; in these persons the I'nenmiH-i»-nix is the most important, 
both in the conjunctival and in the corneal infectious. 

The majority of the cases in which the oziena bacillus has been 
found upon the conjunctiva were patients who did not sutler from 
ozffina. Lodato and Angelucci state that the relation of the oziena 
bacillus to the conjunctiva, claimed by Terson and Gahri^lides, was 
not present to the extent stated; they were unable to find the bacilli 
in the conjunctiva in cases where 
it was present in the nose. 

As a pure conjuncti-vitis pro- 
ducer, I have not yet met this 
organism ; here and there I have 
seen individual examples oE its 
rare occurrence on the conjunc- 
tiva in other forms of catarrh, 
and I have also found it freely 
in the secretions of two cases 
of chronic conjunctivitis with 
simultaneous lacrymal trouble. 
Fig. 46 shows the secretion of 
one of the cases which Dr. Brons 
examined in the Freiburg clinic. 
The I'u-umubacMl can be at once 
recognized by their large and 
distinct capsules ; at places 
where the preparation is deeply 
stained the capsules have also 
taken on the dye. In this slide xerose bacilli, I'm-innoawi, and 
influenza bacilli occur in extraordinary quantity. The preparation 
from which the figure on Plate I. was drawn was sent me by Dr. Zur 
Nedden, and it, along with Fig. 46, shows the variable appearance 
of the bacilli ; it was obtained from a case of conjunctivitis with 
lacrymal trouble. In this case the I'lti'umi'hai-iUiiH alone was present. 

Pure infections of the conjunctiva with the l')''-umoharil}nn have 
been freely recorded in the recent literature. Brayley and Eyre 
found one in a case of pseudo-membranous conjunctivitis, Groenouw, 
Ereseritzki, and von Ammon saw the same a tew times in newly-born 
infants; Gonin, Zia, and Derby found it in scattered cases; Hirota 
found the practically identical Bacilhin mncotiig cajisiilatns rather more 
frequently, and considered it as the cause of conjunctivitis ; Gourfein 

16—2 




Dacrtocistitis. 
Beside* these, ve h&Te in a, B. rfroeia .- in b, 
B. iiifiaea^ ; also Pneamocoai (blue). Tlie 
oapaillea of the Fneiimj)hncil!i arc cleir in a, 
red in A (oTer-st«in with s»frinin ) 



'2U BACTERIOLOGY OF THE EYE 

found it frequently— 20 times in 450 cases. No other author has 
found this bacillus so frequently in the eye, and therefore Moras has 

some douljts as to the correctness of the findings. 

Gourfein found the bncilhia four times in puio culture in casea of new-born 
catnrrfa. Ue deacribed ihe cams as blennorrhtea of moderate severity ; at first they 
had a superficial membrane. In ever; case both eyes were nfTecled; the comea 
and the Iftcrynial passaRea showed no change. Duration was from one lo three 
weeks ; in one case there wns a recurrence. Gourfein also observed seven caiies of 
catarrhal conjunctivitis resembling Koch-Weeks catarrh, of which two had hemor- 
rhages in the conjunctiva bulbi. He also saw twelve cases of subacute conjunctivitis, 
which to some extent resembled diplobacillary conjunctivitis, bat were not so 
chronic. 

Qourfein emphaBi;{ed the variabiUty of the clinical picture. A case of pneumo- 
bacillary conjunctivitis of great chronicity is recorded by Derby, and another by 
Kreaeritzki. 

Contact transference of this form of conjunctivitis has not been 
recorded ; only sporadic cases have occurred ; epidemics are oat of 
the question. Neither have positive infections of the human con- 
junctiva with pure cultures been made. In those cases, neverthe- 
less, in which the Pininnvhudlli or oza.'na bacilli are plentiful in the 
secretion they are probably the cause of the inflammation, and 
certainly they do cause suppuration in the cornea and in wounds. 
To what extent predisposing factors play a part in these cases we 
cannot say. The conjunctivitis is certainly rare. 

The differential diagnosis is of interest in the demonstration of the 
Mo rax- Ax enf eld bacillus, which is similar in size and staining. The 
double form is more constant in the ItijilohadUui!. The PiiciiinohaHlH 
vary very much in length ; they are single, and amongst them very 
short, and also very long, individuals can be seen. The capsule is 
very obvious in the I'lu'iimtiliarilli, and at once presents a definite 
point of differentiation, as in Gram-stained specimens of the Dijihi- 
baflllus it is not at all obvious, or is quite absent. 

The wide, clear spaces around the bacilli are not invariably cap- 
sules, but are sometimes due to the fact that around these cap. 
sulated bacilli the albuminous fluid retracts when too much heated. 
When the film has been carefully heated, or is fixed without heat, 
then the appearance is quite different. The capsule appears to be 
tighter than the bacillus, but occasionally takes the colour more 
intensely. Often chains or clusters of bacilli lie together in a 
common, lightly -stained envelope. When deeply over stained, the 
capsule may be so dark that the bacilli appear as thick, plump rode, 
in each of which, as a matter of fact, a Bacterium is enclosed. 

On examining cultures, many of these appearances are presented. 
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In Fig. 47 towards the upper part of the film there is a place which 
has been heated too much ; the surrounding medium has retracted 
and formed a broad clear space ; elsewhere the bacilli lie in a gelati- 
nous stained medium, preventing the movement of the bacilli amongst 
each other, and composed of their confluent capsules. 

The cultural characteristics and the pathogenicity of the IHplu- 
liariltiis are also quite dif- 
ferent ; it will only grow 
on blood-serum and 
media containing human 
fluids at blood tempera- 
tures. It has no patho- 
genicity for animals, 
while the so-called oziena 
bacillus will grow in a 
characteristic maimer on 
the ordinary media even 
at the temperature of a 
room, and will cause sup- 
puration in rabbits. 

Piieumobacilti are also re- 
ported to have oceurrtd ia 
connexion with the 
followH : la forty oi 
dacrjocyHtilis Gourfein found 
the Prieiimobai-illut lour 
times. The intensity of the 
BjmptomB vftried ; there were 
no changes in the nose ; 
Oiia^na was not preaent. Cu^cod, UhtholT and Axenteld, and Gerstenberger report 
single similar coses. In the earlier Uteratnre there is a report by Sattler (1887), 
the first record of this organism ; he twice isolated it from lacrymal-sac pus, and 
proved its patbogeoicity for the cornea of the rabbit. Experimental rosearchea 
into the working of this organism have been made by Mandry. and more fully by 
Perles, the tatter of whom, like Tersou, on the basis of bis results, nsoribed a con- 
siderable importance in eye pathology to the PneiinwhaciUiii. Loeb found the 
Pn«umol>acillii» in keratomalacla infantum, and I'^tienne in a dacryocyatitiB with 
&n ulcus comeffi serpens. 

Gourfein, Basso, Zur Kedden, Bupprecht, like Teraon and Gabrielid^s, found the 
Pneumobai'illiu in individual cases of hypopyon -keratitis. Gourfein, however, goes 
too far when be ascribes to the Pneionobai^ilfna a power of producing aji ulcus serpens 
eiiual to that of the Pneiimocofctis, and states that all the pyogenic organisms 
produce the same clinical appearances in the cornea ((■/". chapter on ' Keratitis'). 

The full records show that the Pneumobacillna has been found a lew tunes in the 
contents of chalazia fPriou/.eau, Maklakow; cf. section on 'Chalazion'). Wopfner 
found it in the interior of the eye in metastatic ophthalmia resulting from pneu 
muoia; Psrgena found it in a mctaatatic.orbital abscess. 




Flo. 47.— FRiBiii.A\DEK'a Pnkcuob.hjillus, Aoab 

CCLTCRK, fHOM A CABE OF DaCKYOCVSTITIS. 

'he evcQ sepiratioD of the haeilli is due to the inucoas 
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boat liM bren excessive, olsar spaces hive been formed 
by retraction. 
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The Pneumohacilli when grown were very pyogenic when tested on animals, as 
the earlier experiments of Perles had shown. 
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3. Bacillus Subtilis on the Coivjunctiva. 

(Plate III., Fig. VI.) 

Bacilli of the Suhtilis group are also found on the conjunctiva,^ 
as, indeed, would have been expected from their wide distribution. 
Shongolowicz, Puccioni, and Hirota first record their stray and casual 
occurrence, and, if we reckon the B. mcticntcricus as a member of this 
group, we must also include the reports of Bach, Franke, and Basso. 
I have several times seen one or two SuhtiliH havilli on the normal 
and also on the catarrhal conjunctiva, but I cannot support Ulbrich's 
contention that the spore-forming saprophytes — ?'.<., the SuhtiliH 
group — are frequently met with in chronic catarrh. Kayser found 
the SuhtiliH in a glutinous secretion from the conjunctiva in a case of 
a splinter wound, though the bacilli could not be demonstrated in 
the globe itself. Gourfein, and Michalski more emphatically, ascribes 
the power of producing a conjunctivitis to many of the strains which 
belong to this group. In a house epidemic of acute conjunctivitis, 
which at first affected thirteen people, and later spread to fifty others, 

' C/. Literature of ' Xoriiial Conjuintiva.' 
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Michalski {Zent.f. liakt,, 1904, xxxvi., p. 212) found a Bacillus nm- 
jiitirtivititlia mihtiU/niinin. The people lived in a ' dusty manufacturing 
district.' In three cases Staph iil'>rocci were also present, and in one 
B. .ri'i-osin. When rnbbed into the conjunctiva for some time, the 
organism produced a tranBient intiammatton in rabbits ; when in- 
jected into the vitreous, it caused punophthalmitia. Negative results 
were obtained from the inoculation of other animals. Filtered 
cultures caused no inflamma- 
tion in the eye. 

The following are the mor- 
phological and cultural pecu- 
liarities^ of the bacilli: Large 
motile rods, 2 to 2 5 /i long, 
0*5 to 0'6 /£ thick, rounded at 
their ends, with Bagellie ; they 
very often arrange themselves 
in threads. In the secretion 
they are often granular in 
appearance, are Gram-positive, 
and in old cultures spores are 
seen centrally placed ; milk is 
peptonized. Their aerobic 
optimum is 87° C. In bouillon Fi«- 48.-B. Suetilis, 
a skin forms ; it is wrinkled, 
yellowish - brown, and easily 

sinks to the bottom. The bouillon is at first diffusely clouded, but 
later clears. Gelatine plate colonies have a serrated edge, but no 
radiating markings ; stab cultures in gelatine liquefy, also without any 
radiations. There is a greater tendency for egg-shaped bodies to form 
in this medium. 

On agar round grey colonies are formed, and the medium is 
gradually stained a rusty colour ; along the site of the stroke there is 
a denRe yellowish wrinkled scum ; on potatoes at first a grey, then 
a chocolate-brown, wrinkled skin. Blood-serum is slowly liquefied. 
Michalski states that in manj' points the bacilli resemble the bay 
bacillus, in others the /(. mniaU'rium. It is not correct, therefore, to 
consider that every large spore-containing Gram-positive bacillus is 
undoubtedly the hay bacillus. 

Gourfein finternat. Uphtbal. Congress, Lucerne, U104, Verhand., 
B. S. 11) found bacilli of this group so freely present in the con- 
junctiva that he spoke of a Suhtilia conjunctivitis. Uorlaud Smith 
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found the Si'litllln very ireely in many caaeR of conjunctivitis in a 
very dusty neighbourhood. In an acute conjunctivitis Pollock {lut; 
cit.) found a mixture of the Koch-Weeks and the Si'hlilin. Saiupari 
found the SiililiUx tLs a casual in follicular conjunctivitis {rf. p. 372). 
The cultural peculiarities of the bacillus which he grew showed a 
very full agreement with those of the 
Michalski and SilLerschmidt organism. 
The colonies which Michalski obtained 




on agar had smooth, rounded edges, while those of Gonrfein i 
with the appearances in Fig. 49, which represents the cultures from 
a splinter, which I obtained in a ease of injury. According to Gourfeiii, 
the clinical appearances of a SnlliliK conjunctivitis varied between 
those of an acute catarrh and those of a mild conjunctivitis. In six 
cases the infiammation was unilateral. The duration under silver 
treatment was six to eighteen days. On two occasions there was a 
superficial corneal ulceration. Each of the seventeen cases observed 
followed an injury. All the patients were country people. Five of 
them were children, every one of whom had had a handful of eai'tb 
thrown in hia face, and in the other cases the inllammation could be 
referred to the introduction of earth. 

In five of his cases Gourfein could find particles of earth, containing 
SiihtiltH bacilli ; three times the organism was in a very virulent form. 
Five times he found the Sul-tilis alone, three times along with .Staph, 
aiireuH, twice with tiln-ptocncci , and twice with t'wui)iovoa-i. 
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When inoculated on to the scarified coDJunctivn of rabbits, the 
cultures caused a severe catarrh : iu the cornea the results were 
practically negative. Injections into the anterior chamber caused a 
severe iritis ; when ^ c.cm. was injected the exudation was stijlicient 
to close the pupil. In the vitreous a panophthalmitis resulted, the 
bacilli themselves rapidly disappearing. In the lacrymal sac they did 
not cause a true dacryocystitis, but only a alight irritation (epiphoral. 

We have no records of positive inoculations of the human conjunctiva. 
The results of Gourfein'e experiments, however, are in favour of the 
view that the conjunctivitis which follows the injury to the conjunctiva 
with earth ia not merely the result of the trauma and the foreign 
body, but that the bacilli take a part in it. Their prolonged duration 
in the conjunctival secretion is also in favour of this view. 

In any case the occurrence of SuhiUix on the conjunctiva in any 
considerable numbers is very rare, and its pathological significance 
is still a matter for discussion. Excluding its occurrence in large 
numbers on the conjunctiva after splinter wounds, in the thousands 
of cases whose secretions I have examined I have only once met with 
tbis bacillus in a case which I could call Snbliliif c'liijiiiu-tiritin. 

(For further records of the occurrence of Siil'lilis in the eye, the 
esperimeutal examination of the cases, the biology of SnhtiliH and the 
literature of the subject, see the chapter on ' Wound Infection,' p. 77.) 

4. Ulcus MoUe (Soft Sore). 

This uffeotion of the coajunotiva has be^n deacribed by Vignes {Bull, tie hi Soc. 
franc, d'ophtli., 1S9S, p. 94). The HtreptobacMi ai Ducrey were demonstrated. 
(For further information concernmg the methods of demonstration and diagnoaiB 
of these bacilh, see section on 'Affections of the Lids,' p. uB.) 

5. Glanders (Morve). 

Id rare oases this infection can occur through the conjunctiva. Nicolle and Dubos 
have described a case (Press, incif., 190-2.ii.,p.997 ; rev. by Petit in tbe^nn. rf'oc"i., 
190*2, cxxix., p. 157), where the conjunctiva was the point of entry. The original 
irriialion of tlie conjunctiva rapidly passed away, then the swelling of the pre- 
auricular gland began, and changes in the nose and moutli followed. Five eimilfu' 
CMCB occur in the literature, in one of which Gourfein was able to grow the 
BcuiUut matUi from the ulcerated surface, and to confirm its identity by inocula- 
tions (Uourfein, Marignac, and ^'alelte, Bev. vied, ife la Siiii»e rt'inande, 1S1>7, 
»vii., p. 737 ; and Ann. d'ocul., cxxi, 1899, p. 2921. 

The fmrther case by titrzeuiinski (' Cn Cas de Morve primitive de la Conjonclive 
tarsietine,' Poitrmp. Okiil,, 1900, No. 1) is received with scepticism by Mora^i. as 
inoculation tests were wanting. 

The disease is very rare, and the bacleriologicaJ te\t-books nmat be consulted for 
the more exact peculiarities of the bacilli. They are slender rods O'j to 1 /i broad, 
2 to 8 >i losgi OroQi ■negative, staining in segments, and then only slightly. They 
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grow, like coli, on agar and gelatine, but form no gas on sugar media. On potatoes 
they form a yellow scum, becoming later brownish. They are very pathogenic for 
guinea-pigs. 

Galtier and Conte (Ann. d'ocul,^ 1902, cxzviii., p. 800) obtained a fatal general 
infection on the conjunctiva of rabbits. On inoculation in various parts of the 
globe nodules formed ; these ulcerated, and finally the eye was destroyed. Optic 
neuritis occurred, proceeding from the interior of the eye (Tedeschi, Annali di 
Ottal, xi., p. 96 ; Ref., Ann. d'ocul, 1898, T. ex., p. 216). 

[* Actinomycosis of the conjunctiva' has not yet been observed. The cases of 
De Vincentiis (* Lavori della Clin. ocul. di Napoli *) and of Demicheri (Arch, 
d'ophth., 1899, p. 102), which are thought by many to be examples of this con- 
dition» are really concrements of the conjunctiva as described by Fuchs and Winter- 
steiner (c/. p. 286)] . 

6. Soor. 

Soor has been described on the conjunctiva by Pichler in a case of pseudo- 
membranous conjunctivitis ; it occurred along with Streptococci and some double 
bacilli.^ In a second case by the same author ^ a child was suffering from scarlet 
fever, whooping-cough, and chicken-pox ; a severe inflammation of the conjimctiva, 
with necrosis of both comcffi, occurred, and in the greyish-white, dry, sour-smelling 
scum which covered the eyes, and occurred also in the mouth and nose, masses of 
soor were found. 

In a case of pBeudo-membranous conjunctivitis, Picbler found soor 
on the conjunctiva, along with Strej)tococci and double bacilli {Beit. z. 
Aug., 1896, Heft 24, S. 1). According to Plaut (A^ and W. Handbuch, 
1903, Bd. i., S. 595), infection of the cornea with soor produces in 
rabbits an appearance which resembles keratomycosis. When it is 
introduced into the anterior chamber, a mouldy growth in the inside of 
the eye results. 

7. Parinaud's Coiyunctivitis. 

The bacteriological findings in Parinaud's conjunctivitis are not 
uniform. In the collected literature of Yerhoeff and Derby, Kayser 
and Hoor the findings were often quite negative ; in other cases only the 
usual Staphylococci and B. xerosis were found. Romer and Villeneuve 
found the Streptococcus. Seholtz in his case repeatedly found a pure 
culture of a Gram-negative bacillus with polar-staining. It was non- 
motile, did not form spores, and could be grown on all the ordinary 
media, with the exception of potatoes ; it would grow at room temperature 
quite well, and was a facultative aerobe. Ragged, finely granulated, non- 
liquefying grey colonies grew on gelatine, also on agar ; on Lofiier's 
blood-8erum the colonies were punctate. The length of the bacilli 
was O'o to 1*5 yL6, and the breadth about the half of this ; in the tissues 
they were longer, and in old bouillon cultures shorter, almost like 
cocci, and often in chains. They were pathogenic for mice and fowls. 

* Utitniyr -^ur Awjcn., 189;"), p. 24. - Z. /. A., 1900, iii. Krgaiizuiigshert, p. 669. 
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The latter died from diarrhcea. The bacillus was very like the Bacillag 
iialliiKinim, and belonged to the group of the Polar-staining Bacterin 
(plague, hiemorrhagic Bepticiemia, etc,)- The drawing (Fig, 51) is 
from a pure culture, kindly sent me by Dr. Scholtz. 

This is certain]; a very interesting organiBm. Being an ieolaled case, a caiibaI 
sigui6cance in farinaud'a coDJunctiviliB is unlikoly, though it must be admitted 
that in the case (quoted it lanj' have played some part in the inllammatioD. 

In spite of the many points of histolopcal resemblance, it cannot be said that 
tiiberculosia is a likely cause of Parinand's conjnnctivitia. Every inoculation has 
failed, and the search for the Bavillua tiilicrnilotU has also been unsuccessful. 
This question requires fiulher investigation to 
show wliether an organismal cause is present. " 

and if GO what it is. 

For the Literature, cf. Hoar, K. M.f. A., liii., 
1905. p. 40; also Rohmer. A«n. tVociil.. 1894, 
T. iiL, p. 360 ; Villeneuve, Thi-ie lU Parit, 
1896, p. 95; Gourfein, Rev. gen. d'ophtli., 1907, 
p. 64. 

8. ConjunctiTitis in the Acute 
Exanthemata. 

Conjunctivitis of Measles. 

It is obvious, from tlie variety of the 
findings, that the well-known conjunc- 
tivitis which occurs in measles is ex- 
anthematous in origin, and is not due 
to an infection with the ordinary causes 
of conjunctivitis. 

In a large number of measles cases 
Giarre and Picchi found the influenza 
bacillus, aa did M. Neisser and A. Mayer.' Moras, on the other 
hand, in twenty-two cases out of twenty-six only found the common 
saprophytes of the conjunctiva, (This agrees with my own observa- 
tions.) In one of bis cases influenza bacilli, in two Eoch-Weeks 
bacilli, in one IHphihariUi were found, floras considered these four 
cases to be secondary infectiona of the conjunctiva. 

In forty cases Schottelius- almost always found the Baeilliin xeronn 
regularly associated with Staphiiliif-rri, in twenty eases the aiin-us ; 
besides this organism the ■'^ir--]'t'irin-ni» piio'i'-jn-x was found six times 
(jinitriiM once, the I'lyhiWivdli^K once, and once 'air cocci'). The 
special epidemic examined was one with a high mortality ; in bO per 
cent, of the post-mortem sections streptococcal sepsis was found. In the 

' MHiu:!'. ilttl. If 0(1... 1904. ' JC. il.j: .-(., IflW, xvii. 1. p, ;,6h. 




Fig. 51. — Scholtz' Bacilldb, 
FROM Paris AC d's Conjumoti- 

VIT19. X 1,000. 

, Blood-Mnim culture, four days 
old (iiivolutiou fomiB) i h, ngar 
culture, eight days old, at room 
temperature (bacilli typical) ; 
c, dejNJsit from ■ sU-dij^-old oul- 
turi> in bouilloa (ovcrijtiiiDed). 
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course of the same epidemic Axenfeld ^ observed many cases of severe 
conjunctival and corneal complications, many of which were strepto- 
coccal diphtheria, with necrosis of the cornea. The comparative 
frequency with which Streptococci were found in the conjunctiva at 
the outset is closely related to the severity of the secondary results. 

Hertel observed severe corneal complications, due to Pneumococci^ 
after measles.^ 

The flora of the conjunctiva is a matter of some consequence. The 
frequency of the influenza bacilli shows either that this organism, as do 
other Bacteria, finds a specially good nidus during these exanthematous 
processes, or that both infections tend to occur together. Measles 
seems to have a special influence in preparing the way for the so-called 
scrofulous eye afifections {cf, p. 253). 

Similarly, in pemphigus afifecting the conjunctiva nothing specific 
has been found, only pyogenic cocci {Streptococci , Staphylococci ; cf. the 
findings of Deutschmann and UhthoflF). and Bacillus xerosis. 

On the findings in eczema, see the next chapter. 

9. Spring Catarrh. 

Even in secreting cases of spring catarrh, no findings of any etiological 
value have yet been made. I have paid special attention to this ques- 
tion (cf. Axenfeld, ' Le Catarrhe printannier,' Rapp. Offic. de la Soc. 
Franc. d'Ophth., 1907, p. 28). Saemisch records the same opinion. 
At most the well-known conjunctival saprophytes are found. The 
alleged positive findings of Bellinzona must be added to these {Bollet. 
della Soc. Med. Ciiir, di Paria, 11)01, pp. 3 and 4) ; his statement that 
he succeeded in producing the early stages of the affection in the con- 
junctiva of the rabbit is certainly not convincing. The bacillus which 
Taylor (Aidi, di OftaL, 1891) found in a case, and which resembled the 
BacilluH HuhtiUSf represents an isolated casual finding. 

Parisotti {Soc, Franc, d'Ophth, 1901, p. 298) states that he has 
demonstrated Blastomycetes in the sections of the limbal growths, 
and quotes the record of Fortunati having grown two varieties of 
Hefae from them {Arrh, di ()tt(d., 1904, p. 81). The one he described 
as causing the inflammation, the other as causing the anaemia. He 
states that he has obtained limbus overgrowth by injecting the latter 
subconjunctivally into rabbits, and that the hypertrophy recurred in 
warm weather. The etiological significance of these results is not 
at all proved, and it is still freely argued whether the afi'ection is 

K. M.f. J., 1904, xvii. u^i^S. - A.f. (\, 1902, liii. 503. 



SPECIAL FORMS OF CONJUNCTIVAL INFECTION 253 

contagioua or not (cf. Dimmer, Wieii. Klhi. W'n-h,, 1905, p. 2}, For 
my own part, I have not been able to find these Blastomycetes. 



SECTION 8.— THE SO-CALLED SCROFULOUS (PHLYC 
TENULAR, ECZEMAT0U8) INFLAMMATIONS. 

The well-known appearance of phlyctenular, acrofulous, or eczema- 
touB coDJunctivitiB naturally gave rise to the idea that the individual 
phlyctens, the subepithelial nodules, owed their origin to circum- 
scribed ectogenoua infections, which, according to the known principles 
of the pathology of inriammation, would determine a collection of leuco- 
cytes. The vulnerability of the epithelium, which, since the time 
of Virchow, has been considered to occur in these scrofulous indi- 
viduals, prepares the way for an ordinary infection. At the com- 
mencement of the bacteriological era this idea was supported by many 
observers (Duclos and Bucheron, Leber, Sattler, Gifford, Straub, 
Gallenga). These authors only alleged a limited etiological signifi- 
cance to the Bacteria found, but Burchard and Bach, and D. Smith 
distinctly state that the phyletens are caused by a circumscribed 
inoculation with pyogenic cocci, especially the Staph i/loritrci. 

Burcbard's results cannot be considered in this discussion, as this 
author did not say either how old the phlyctens were or in what 
proportion the Bacteria in question were found. For the same reason, 
the later work of A. Michel (Bordeaux) does not assist us. Exact 
details on this question are absolutely necessary, as in old-standing 
cases of such superficial eruptions the demonstration of individual 
organisms is of no value for the diagnosis of tbe original cause, just 
as no causal significance can be attributed to the presence of Staphii- 
lococci in variola pustules or pemphigus vesicles. In old phlyctenules, 
too, the original cause may have disappeared, just as in Bach's ex- 
periments on animals the Stui'lii/l'imcri introduced into the conjunc- 
tiva could not be seen after a few days had elapsed. 

In considering this question, we must clearly bear in mind that in 
a mucous membrane which normally contains Bacteria, and which in 
these scrofulous persons is specially rich in tbe Slaj-hi/locirri, any 
superficial affection will be very rapidly contaminated. Before we can 
explain the phlyctenules as inoculation infiltrations due to the known 
pus producers, especially the Slaph)iUu-oiii, we must demonstrate in 
the contents of very early phlyctenules the regular presence of a 
definite number of these organisms. 

Tbe results of Axenfeld, von Bach, Neumann, and L. Miiller have 
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shown that this is by no means the case. On the contrary, their 
researches show, especially in these very early cases, that the results 
were negative in a comparatively large nomber of cases, and that in 
some of the remaining ones the number of the organisms found was 
so small, and they were so various in their nature, that no definite 
conclusions with regard to the cause could be drawn from their 
presence. 

Gifford and Straub would attribute the localization of the phlyc- 
tenules at the scleral limbus to the stagnation of tears laden with the 
StapliyhKocci and their toxins, in the cleft between the cornea and the 
sclera. I cannot admit the existence of such a cleft. The surface of the 
cornea passes quite evenly over into the conjunctiva bulbi, and when 
in many scrofulous catarrhs the conjunctiva does rise up from the 
corneal level, it is a result of the irritation. Straub attributes the 
earliest commencement of the phlycten to toxic irritation, to which 
the bacterial invasion is added later. In the many cases where few 
or no Staphylococci are to be found in the conjunctival secretion this 
presumption of a concentration of toxic action at one spot is not justi- 
fiable. Does not Straub by this very hypothesis presuppose some 
alteration in the limbus which is not due to an infection? In a 
recent paper Bach has modified his view that an antecedent localiza- 
tion of cocci cannot be held to occur in the small vesicular eruption of 
the corneal epithelium. 

From his experiments Meijers comes to the conclusion that the 
Staphiilocorri are not without some influence in this infection. Van 
Haaften, a pupil of Straub, attributes to the Staphylococci an active part 
in the production of scrofulous ophthalmia. He came to this con- 
clusion because he found them relatively more common in the con- 
junctival discharge of such cases than in that of normal persons. 
These authors did not examine the contents of the phlyctens ; their 
results, therefore, are not decisive with regard to the incidence of this 
eruption. Van Haaften goes too far when he considers that the eye- 
changes are simply * Staphylococcal scrofula,' as the cultures of 
more than a third of his cases w^ere negative. Morax reports that 
he often found Staphylococci in the conjunctival secretion of phlyc- 
tenular cases, but that the results were also often negative ; he con- 
siders that their causal influence is doubtful. Leber's description of 
the condition as impetiginous appeared to him to be the best. With 
what care the question of secondary infection must be considered is 
also shown by the frequency with which the Inevitable B. jcrosis is met 
with. We may, at least, consider the hypothesis that the phlyc- 
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tenules are due to localized inoculations with Slaj'tiifhimrri as not 
sufficiently proved. The Staph i/lnnirri must not be eonaidered to have 
nothing to do with the question ; their presence added to an infiani- 
matory process does influence its further courae. This is so, not only 
in the cornea, hut also in the conjunctiva. 

The inoculations of the human conjunctiva made by Burchard and 
Bach, who introduced large quantities of Slajihi/hifneri into conjunc- 
tival pockets, cannot settle this question either way. 

Such severe disturbances of the tissues do not precede the forma- 
tion of phlyctenules, and further, we can obtain abscess formation in 
this way with a variety of organisms. When, however, Bach scratched 
the conjunctiva bulbi with a needle, and then introduced virulent 
aiiii'UH into the conjunctival sac, he obtained no phlyctenules ; this 
Leber had previously done, also without any result. In distinctly 
scrofulous patients, even in those who had just had an attack of 
kera to -conjunctivitis eczematosa, small aseptic wounds produced no 
phlyctenules. 

The examination of the secretiona of these cases, and even of cases of 
acute catarrhal conjunctivitis, often gives a negative result — that is to 
say, only B. .rer-gis and a few organisms of uncertain significance can 
he found. Bach holds the opinion that the number of the organisms 
is lessened by means of the tears; but, as a matter of fact, in other 
forms of infection, with a similar amount of secretion, we find that the 
number of the organisms is incre:tsed. The so-called scrofulous forms 
of catarrh sharply contrast with the others, in that with a profuse 
discharge we either find no orgimisms or only a few. 

The virulent yellow Stajihiil'icuri or the Streptococci are fonnd only 
in a proportion of the cases in which we have asBoeiated an impeti- 
ginous ec/ema. 

Here and there undoubted conjunctivitis organisms are to be met 
with, and there is no doubt that in scrofulous persons these can pro- 
duce the appearances of a phlyctenular affection. 

Moras and Axenfeld have observed this in cases of diplobacillary 
infection, and Gasparrini and Axenfeld in pneumococcal conjunc- 
tivitis. In many epidemics a free phlyctenular eruption appears, 
without any general condition being present as a basis. Such 
cases have been occasionally observed. The occurrence of eruptions 
of phlyctenular character at the margin of the cornea has been 
observed by L. Miiller only in scrofulous subjects ; they occurred 
regularly in the epidemic of Koch-Weeks conjunctivitis recorded by 
Markus. The condition present in these cases may correspond 
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to the appearance described by the older Vienna school as pustular 
conjunctivitis. Morax does not consider that these limbal eruptions 
should be identified with the true phlyctenules ; he describes them as 
vesicles, in contradistinction to the subepithelial nodules, which are 
the true phlyctenules. Uhthoff, Schmidt-Rimpler, and Schleich and 
Reuchlin have stated that the formation of such a limbal eruption is not 
absolutely dependent upon so-called scrofula ; this appears likely from 
the fact that the diagnostic tuberculin reaction often fails in patients 
with a few phlyctenules. With regard to the cases of recurrent kerato- 
conjunctivitis, with the characteristic appearance of vessels in the 
cornea (especially pannus and keratitis fasciculosa), the view that their 
occurrence requires not only an external irritation, but also some 
special state of the nidus, cannot be rejected. I have always obtained 
a positive reaction with tuberculin in these cases. 

The observations quoted above that, as a matter of fact, the 
ordinary forms of infection can produce such symptoms in scrofulous 
persons, show that an infection from without may be the cause 
of a phlyctenular eruption. It is, however, not yet proved 
that the phlyctenules are caused by a local infection with these 
organisms. 

The cases where phlyctenules occur in a conjunctivitis due to the 
ordinary organisms are specially worth examining, to determine 
whether the individual phlyctenules are caused by the local inocula- 
tion with these organisms or not. A negative result of such an 
examination, at any rate, would be strong evidence that the phlyc- 
tenules could occur in an irritated conjunctiva without any localized 
inoculation. 

On the evidence before us it is hardly probable that kerato-conjunc- 
tivitis is a clinical etiological entity of specific nature. It is more 
probable that it indicates the manner in which the conjunctiva, of 
scrofulous persons especially, reacts to various forms of irritation. 

If we still consider, from theoretical grounds, that cases may be infec- 
tions, which with our methods appear to be bacteriologically negative, 
then we must suppose that in these cases we have to do with some 
unknown organism ; and this can naturally also be the case with 
regard to the occurrence of the individual phlyctenules. The possi- 
bility is not altogether excluded that we have to do with an endo- 
genous irritation. We have circumscribed lesions occurring in the 
clear cornea in herpes zoster and also in herpes febrilis, and we have 
also undoubted cases of endogenous conjunctivitis in metastatic 
gonorrhoea, and after experimental injections of pathogenic Ilefte 
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(E. Cohn, Stock). This is no proof that a. pure endogenous kerato- 
conjunctivitis does occur. The possibility of its occurrence, however, 
must be considered. 

In hia work on this subject Bruns gives my opinion on this point 
in the following words : ' Axenfeld considers that scrofula is the 
decisive etiological factor, endogenoualy producing the phlyctenular 
process, and that the associated ectogenous irritations only play a 
secondary part.' This does not accurately represent my views. I 
have never positively stated that scrofula will produce a phlyctenular 
inflammation in a purely endogenous manner. I have opposed the 
view that the endogenous factor can be left aside, and that the problem 
is solved by the finding of Stai'hiihri-cvl, stating that we are not 
justified at the present time in excluding the possibility of its occur- 
rence in an endogenous manner. The question as to whether such an 
endogenous infection really does occur, and to what estent, and in 
what manner it is produced, is quite open. There is a great difference 
between the statement that ' the affection arises endogeuously ' and 
that ' the possibility of an endogenous origin cannot be oxchided^ 
i.'',, is still ojien to discussion,' (Similarly Krause ia not justified in 
saying that I have pronounced myself as 'against the bacterial 
etiology ' of this condition.) 

Microscopical examination, with the help of bacterial staining, has 
shown no organisms to be present in the interior of fresh phlyctenules 
(Axenfeld, Leber, Wagenmann, L. Mitller, Hertel, Mayou). 

Similarly, the inoculation of fresh phlyctenules into the anterior 
chamber of rabbits has not produced infection (Augieras, Leber, 
L. Miiller) ; only in one of Muller'a cases did a suppuration occur. 

The purulent secretion from such cases of catarrhal conjunctivitis 
often causes no reaction in the eyes of animals susceptible to Slapbi/- 
loroa-i. These tacts, along with the histological structure of the 
phlyctenules, and the whole clinical appearances, finally exclude the 
unlikely hypothesis that this form of inflammation is a true tubercu- 
losis. That it certainly is not. It is, on the contrary, simply in- 
flammatory,' although there is an indirect connexion Iretween these 
local scrofular phenomena and general tuberculosis. L. Muller has 

' Tlie (xxasioii&l Kinut cells wkich occur (Leli«r) kre not of the Ldugliuo'ii tyjie, and do 
not proTO an; tubercular element to be jitesent. Od account or thne Snditi^. Leber uka 
tlie ijucsCian whether or not dead tuborcle bacilli are concerned in their productina. In 
their intereiting L'i|>eriiDents iritb dead tuberulo bac^ilU, Leber and Bruus jirodui^d c.hangei 
n'bich were not quite similar to the phlyotenular cliongra in man. Linibal tuWroulusis 
does occur, though it ia rate, and in the early staue reaeuiblea phlyatenulea. Slock lina 
"Occeeded in oxperiaietitslly producinff similar conditiona through the blood in rabbits; 
"■" "'essentially differenl from iihlyetBU ' ' "' ■' ' ' - --■ -' 
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very carefully examined large numbers of excised phlyctenules for 
tubercle bacilli, but has never found any. In twenty cases in which 
the anterior chamber was inoculated in rabbits, only once a transient 
nodule occurred. 

The source of these scrofular or phlyctenular (eczematous) external 
affections of the eye must therefore be considered in many respects to 
be an open question. It is certain that Bacteria from without can 
induce the condition ; but whether it is always such a cause, which 
produces these clinical appearances in the people who are liable to 
local catarrhal and vasomotor disturbances, or whether mechanical, 
chemical, or endogenous agencies can have the same effect, can only 
be settled after further researches have been made. This question of 
etiology is in many respects analogous to that of the etiology of eczema 
of the skin, concerning which no uniform results have yet been found, 
mostly on account of the difficulty of differentiating the secondary 
organisms present. The sharply marked seborrhoeic eczema alone 
(Unna) can be considered as certainly parasitic. The latest work of 
Scholz attributes to the Staphylococcus aureus some agency in the 
causation of the acute forms of eczema. Scholz comes to the con- 
clusion that this organism is the primary cause (Deutsche Klinikf 
1903). 

Klingmiiller has reviewed the whole question of the pathology of 
eczema still more recently, and from the experience of the Neisser 
clinic he concludes that in every eczema of the skin, almost without 
exception, large, but varying, numbers of Staphyloaxxl are present, 
the yellow being more common than the white. * They only fail in 
the vesicles, the primary lesion of the epithelium.' This fact of itself, 
unless otherwise explained, is directly opposed to the cocci being the 
direct cause of the vesicles. A true eczema has never been produced 
either with them or their toxins; at most they have only caused a 
spontaneously healing dermatitis. They appear only to flourish on a skin 
which has been rendered susceptible, or is predisposed, to their action. 
Bender, Bockart, and Gerlach produced an eczema by the action of 
staphylococcal filtrate free from organisms on the previously irritated 
skin of the arm. This is explained by M. Neisser and Lipstein ^ as 
not being due to the toxic activity of the Staphylococci^ for a similar 
alkaline bouillon and also the inactive filtrate (heated to 70° C.) pro- 
duced the same result. In these cases they considered the eczema to 
be due to a non-specific chemical irritation. 

The following points should be noticed : In eczema the aunua 

* Kolle-Wassermanii, 1903, I5d. iii., p. 130. 
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generally is derived from the patients themselves ; it is not eontagioua 
from without As virulent aureus is relatively very rare in the skin, 
the question as to whether the ordinary skin cocci, by some variation, 
have increased in virulence must be considered. Such a change would 
require an antecedent and preparatory change in the skin. 

The cocci which occur in eczema of the skin have an influence on 
the course of the disease, and generally are more virulent in their 
characteriBticB, when contrasted with the common skin saprophytes. 
This is obvious from the tact that they can form hiemolysin and 
agglutinate the pyogenic forms. In the scrofulous inflammations of 
the lids, which are only in part eczematous or impetiginous, and are 
much more nearly allied to acne, the Suijilii/Iunicnii p>/ii;/ciii>i rtniYtm 
commonly occurs ((iifford, Straub, Dejl, Stephenson, Meijers, van 
Haaften), To ascribe on this account the clinical picture which we 
know as kerato-conjunctivitis phlyctenulosa, and still more the indi- 
vidual phlyctenules, to this organisni is going much too far. 

Though the study of eczema is of importance, it should for the 
present be provisionally kept distinct from that of the phlyctenular 
inflammations, as this appearance does not occur in every case of 
eczema affecting the region of the eye, but only in young scrofular 
patients, or those who have been affected with serotula from their 
youth ; and, on the other band, the corneal eruption has not been 
proved anatomically to agree exactly with eczema of the skin (<•/. here 
the records of KlingmuUer). In particular, the formation of a true 
vesicle, which has been once recorded by J. von Michel, appears to be 
a rare exception in the records available ; phlyctenules are rather 
subepithelial nodules, and even so they are not quite identical with 
eczematous papules. The whole clinical course of the corneal con- 
dition is nol a characteristic of eczema in general, but rather of 
scrofula. 

It should here be noted that Nias and Patou found that the opsonic 
index of the blood-serum of patients with phlyctenules was lowered for 
tubercle. The index rose as the lesion improved. They conclude 
that the phlyctenules are caused by attenuated or dead tubercle 
bacilli, especially as they found that, under treatment with tuberculin, 
phlyctenules occasionally occurred. The pathogenesis is by no means 
proved by this. If phlyctenular kerato-conjunctivitis should be proved 
Co lie a staphylococcal disease, the vaccine treatment of Wright with 
Staph ytocvuci should be tried (further, see p. 355). 



260 BACTERIOLOGY OF THE EYE 



LITERATURE. 

Addario, Arohivio di OttsJmol., 1904, XII, p. 1. 

AxENFBLD, Berl. klin. Woch., 1897, Nr. 39. — Ibid.,, Bericht iiber die 26 Versammlung 

der ophth. Gesellsch., S. 197. Heidelberg, 1897. — Ibid.^ Pathologie des 

Auges ; Ergebnisse der aUgemeinen Pathologie, etc., Lubarsch und Ostertag, 

Bericht iiber die Jahre 1895-1899. Bergmanns Verlag, Wiesbaden. 

Bach, Z. f. A., 1897-98, Bd. 1 u. 3. — Ibid,, Abh. aus dem Gebiete der Augenheilk. 

Halle a/S., Marhold, 1899.— Ibid., A. f. 0., Bd. 41, 2. 
Bach and Neumann, A. f. A., Bd. 37, S. 57 and 93. 
Bruns, Experimentelle Erzeugung phlyktiinenartiger Knotchen durch abgetotete 

Tuberkelbazillen. A. f. 0., 1904, LVIII, S. 439. 
BuRCHARDT, Zentralbl. f. A., 1887, S. 40. — Ibid., Zeitschr. von v. Lassor, 

Jahrg. 1893-94, Bd. 1, S. 336. 
CoHN, E., Exper. Unters. iiber tierpath. Hefe. Zentr. f. Bakt., 1902, Bd. 81, 

S. 739. 
DucLAUX et BoucHERON, Eevue inensuelle des maladies de Tenfance, IV. 
FooTE, Med. Rec, May 30, 1896. Ref. Zentralbl. f. A., 1896, S. 661. 
Gallenga, Ateneo medico parmense, 1889. 
GiFFORD, A. f. A., 1886, Bd. 16, S. 187. 
VAN Haaftbn, Inaug. Dissert., Amsterdam, 1903. 
Hbrtel, a. f. 0., Bd. 46, S. 630. 

KLiNOMiJLLER, Die ekzematosen Erkrankungen. Deutsche Klinik, 1905, S. 449. 
Erause, Conjunctivitis phlyctscnulosa. Inaug. Dissert., Halle, 1905. 
Leber, YII ophth. Kongress zu Heidelberg, 1888. — Ibid,, Discussion on Axenfeld*8 
paper. Bericht iiber die 26 Vers, der ophth. Ges. zu Heidelberg, 1897, 
S. I91.—Ibid.y Ophth. Kongress zu Heidelberg, 1901, S. 66. 
Mayou, The changes produced by inflamm. in the conjunct. London, 1905, 

p. 150 et seq. 
Meijeks, Ubcr das Vorkommen von Staphylococcus pyogenes aureus bei den sog. 

skrofulosen Augenentziindungen. Inaug. Diss., Jena, 189K. 
Michel, A. V., Contribution a Tctude bactoriologique de rophthahuic phlyctc'nulaire. 

These de Bordeaux, 1898, u. Annal. d'oculist., t. 1*20, p. 257. 
Michel, J. v., Z. f. A., 19(X), Bd. 4, S. 102. 
MoRAX, Ann. d'oculist., 1897, t. 117, p. 361. 
Muller, L., AViener med. Pressc, 1901, Nr. 11 u. 12. 
Nl^s and Leslie Paton, Ophthahnic Review, January, 1906, p. 27, and K. M. f. A., 

1006, XXXIV, I, S. 81 ; Lancet, 1906, p. 150o!^ 
Reughlix, Tubcrkulin. K. M. f. A., 1906, XLI, Nr. 4/5. 
Sattlkr, ^'II internat. ophth. Kongress zu Heidelberg, 1888. 
Schmidt, E., 8ur les microorganisnies du truchome et de quelques autres affections 

mycotiques de la eonjonctive. These de Saint-Petersbourg, 1H87. 
Scuolz, Deutsche med. Woch., 1900, Nr. 29. 
Stephenson, Sydney, Ophth. Record, 1900, p. 522. 
Straub, Archiv f. Augenh., 1892, S. 416. — Ibid., Nederlandsch Oogheelkundige 

Bydragen, 2 AutL, 1H96, p. 41.—ThuL, A. f. ()., 1905, LX, S. 165. 
UuTHOFF, Berl. klin. Woch., 1900, Nr. 50. 

Wagenmann, Discussion on Axenfeld's paper in Heidelberg, 1897, 'Was wissen 
wir iiber die phlykt. Augenentziindungen ?' 



SPECIAL FORMS OF CONJUNCTIVAL INFECTION 261 



SECTION 9. TRACHOMA. FOLLICULAR CONJUNCTIVITIS. 

The canse of trachoma la still (juite unknown ; neither in the secre- 
tioDB nor in the contents of the follicles' have any microbee been 
demonstrated which can he considered to have a causal significance. 
Even the most modern methods of staining have failed to give any 
positive result The latest results of Halberstaedter, Prawoczek, and 
Greeff regarding the presence of very small granules do not furnish 
any explanation, 

Halberstaedter, Prawoczek, and Gree£f report that by means of the 
Giemsa stain, they liave recently found fine red-stained granules. In 
many of the epithelial cells these granules coalesce and form bodies 
which cover the nucleus like a cap. Prawoczek states that they are 
certainly parasitic, and called them Chla)ii!iil<i:<-a; Greeff is more 
reserved upon this point. For the present we must consider it doubtful 
whether these granules are parasitic in nature or not, and further 
research is necessary before we can say whether they occur so 
regularly in trachoma that they can be considered as of diagnostic 
value. The orang-outangs inoculated by Halberstaedter and Pra- 
woczek did not show any enlargement of the conjunctival folhcles, 
as did those of Hess, Rumer, and Bajardi; contagiousness was 
presumed from the fact that the granules occurred in the epithelium 
of the inoculated orang-outangs, a conclusion which is by no means 
certain. 

Meyerhof examined fresh cases of trachoma for the Spirocluetie by 
means of the Giemsa stain, and Stock examined sections by means of 
the silver methods; neither found anything definite. The ordinary 
saprophytes alone are commonly found, in some cases mi.\ed with 
the common conjunctivitis organisms : it is, however, quite certain that 
these latter are not capable, even after prolonged activity, of producing 
a true trachoma, with scar formation and pannus. 

This must be admitted, even though the common conjunctivitis 
organisms are found in large numbers in trachomatous secretion,^ 
especially from the profusely secreting cases. This question has lately 
been discussed by KarCulis, Demettriades, Gaeparrini, L. Miiller, 
Kuhnt, Zur Neddea, Greeff, Junius, Axenfeld, Osborne, Morax, 

' lu order to diviile the follii'ulikr nintprinl (is (iuely as jio-eiilile fnr pTirpoBet of .-ulturir, 
Moiux giouud it lip with Htorile naurt/ sand ; he used fvery conceivable huniiiti medium, 
but nit£oat result. 

' Accurding tu Mayuu, trnehonia srcretion, in tbt c&rlj stages, cnntaius more pUnn* 
tolls thaa does that of any other fonn of conjunctiTitiB. Even in the tismiee e " 
ijunibers of plasnift oells lie around the folliulea. 
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A. Enapp, and Meyerbof, and the general opinion is that such cases 
are secondary infections, and that after their subsidence the trachoma 
will again quietly appear, or develop independently. Such mixed 
infections, especially with the Koch-Weeks bacillus, the Pnenmococcus^ 
and the Gonococcns, give trachoma the appearance of an acute catarrh, 
though such is not its true nature. In different places the nature 
of the secondary infection varies, and with it also the severity of the 
secondary catarrh. De Lietro-VoUaro found the Diplohcuillus very 
frequently in Naples, Gasparrini found the Pneumococcus in Siena, and 
Rymowicz the same organism in Kasan. In the large series of cases 
collected by Lakah and Kouhri (1902) in Egypt, this last organism, in 
proportion to the Koch-Weeks bacillus and the Gonococcus, was not so 
common. Meyerhof has lately written to me that he found (1906) the 
Diplohacilliis in 20 to 30 per cent, of all the trachoma cases in Cairo. 
The conditions may have changed in this respect. 

Recent work on this subject has shown that acute trachoma is a 
disease which begins acutely with profuse secretion, and in the majority 
of cases is not a pure trachoma, but a mixed infection with an acute 
catarrh. Only a few authors (Saemisch, Peters) report that the acute 
onset of trachoma without the presence of conjuncti%atis organisms 
occurs freely in their districts. Uncomplicated trachoma most 
generally begins and continues insidiously. Simple harmless con- 
junctival follicles, such as are often found in school-children, may give 
the impression of trachoma when they have associated with them an 
acute catarrh — e.//., a pneumococcal^ or a Koch-Weeks infection. If 
we wait till the acute catarrh has subsided, it is then obvious whether 
a trachoma is present or not. 

An examination of the accretion is tJirrcforc indisjicnsahlr, and it is 
only when such infections have subsided that an opinion can be formed 
with regard to the nature of the follicles. 

It is because of the frequency of this associated acute catarrhal 
infection that relatively to Europe, trachoma in Egypt is more 
commonly of the acute * watery ' type. There is no proof that at the 
commencement of the previous century pure trachoma presented 
clinical features at all different from those which we see at the 
present day, although it may have shown a more * blennorrhceal ' 
course. 

There is no proof that some of these secondary infections were not 

^ 111 the case of tlie c-oiijuiictiva, the oooiiiTOiicc of an ' iinta^'oiiiMii ' iR'twi-cii tiadionia 
and tlie Piuiunocmxi^ sucli as is stated hy Aii<;stein to occur {Z. f. A., VMn}, xvi. 243) in 
the coniea ('/. section on 'Keratitis'), cannot he ])roved. 
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present. What was called ' Egyptian ophthalmia ' was not a definite 
clinical picture. The recorda so freely quoted about ships, which, on 
account of such conditions, could hardly reach port, are much more 
likely to relate to attacks of acute Koch-Weeks conjunctivitis than 
to pure trachoma ; similarly the large epidemics breaking out iu 
armies may be explained. The literature on this point requires 
critical revision. 

From the work of Koch, Kartulis, and Demettriades, and from the 
more prolonged researches of L. Miiller, Morax, Lakah, and Kouhri, 
who iiBed every aid available, it is clear that trachoma in Egypt is 
very commonly associated with gonorrhwa and Koch-Weeks infection, 
the latter of which is there almost pandemic, like the trachoma itself 
{r/, section on ' Kocb-Weeks Bacillus '). DiplnbacilH are not imeommon ; 
PiifiiniiiciKci are the least important. Mixed infections with these 
organisms are common. It is the gonorrhteal mixture, not the pure 
trachoma, which causes so much blindness. It is not unlikely that 
such infections, more or less intermixed with trachoma, were intro- 
duced by the reluming soldiers of the Napoleonic wars, and were the 
cause of the acute epidemics. The remarkable increase in the fre- 
quency of this form of catarrh in Egypt during the hot season has 
already been mentioned (p. 137) ; it varies in North and South Egypt 
(Meyerhot), and the prevalence of the Gininiixrim (July to October) 
does not coincide with that of the Koch-Weeks (May to July). 

It is naturally' quite possible that, in lands where trachoma ia 
endemic, a true trachoma can follow on a catarrhal conjunctivitis (''.;;., 
one due to the Kocb-Weeks bacillus), seeing that the catarrh presents 
a favourable opportunity for the transference of the trachoma virus. 
The Koch-Weeks bacillus in these cases is not the true cause of the 
trachoma, as ia clearly shown for this organism, and also tor others, 
by the fact that inoculations with pure cultures have never produced a 
trachoma. 

Gromakowski is opposed to this view ; he attributes the condition 
to the Koch- Weeks bacilli, which he so commonly found. 

Piringer, and more recently Goldzieher and Hoor, insist that a 
gonorrhiEal infection is capable of producing a trachoma. This cannot 
be considered as proven, provided that we understand this statement to 
mean that the gonorrhieal infection is the direct cause of the trachoma, 
and not merely that it prepares the way for it. It must be admitted that 
in many cases the sequence is very striking (Goldzieher, Sattler). One 
of Hoor's cases is especially noteworthy: 'Gonorrhteal urethritis, 
severe unilateral ophthalmo - blennorrhita, ending in papillary 



264 BACTERIOLOGY OF THE EYE 

trachoma.' Three weeks after the commencement of the blennorrhoea 
on the right side, a typical granular trachoma appeared on the left 
side. In the secretion of both eyes were Gonococci (Gram stain was 
not used). Such a question as this cannot be decided in a tracho- 
matous country like Hungary, where the possibility of a simultaneous 
infection with trachoma cannot be excluded. It is noteworthy that in 
countries free from trachoma such cases are not recorded. This is 
opposed to the view that gonorrhoeal secretion can produce a 
trachoma. 

The older records of the onset of trachoma with blennorrhoea,* or of 
trachoma as the direct result of gonorrhoea, can be explained thus : A 
blenorrhoea — in many of the cases only a Koch- Weeks conjunctivitis — 
may have complicated a trachoma, or else the papillary condition of 
the conjunctiva, which persists for some time after a gonorrhoea, and 
resembles the so-called papillary trachoma, may have been mistaken 
for it. This * post-blennorrhoeal conjunctivitis,' as it has been called 
by L. Miiller, is not identical with trachoma, but disappears without 
any scarring or the formation of a typical trachomatous pannus. It 
was customary for many text-books to use the term ' chronic blennor- 
rhoea ' as a synonym for certain forms of trachoma ; this still persists 
in some modern books. If by it we are to mean a gonorrhoeal infec- 
tion, then there is no proof that such a statement represents the facts. 
Meyerhof's statement that in many trachomatous cases Gonococci 
could be demonstrated for a long time after the subsidence of the 
inflammation, and could cause its recurrence, is not a proof of the 
gonorrhceal etiology of trachoma (these records should have been eon- 
trolled by cultures to exclude the other Gram-negative cocci). Meyerhof 
also considers that these are secondary infections. 

Infection with the Koch- Weeks bacillus can lead, in chronic cases, 
to a hypertrophy of the conjunctiva, especially the tarsal portion. 
Weeks and Morax first described this, and the question has since 
been more fully studied by Hoffmann. This, however, is not a true 
trachoma, and does not lead to its characteristic complications.^ 

Micro-organisms, designated * trachoma cocci,' have been found by 
Michel and Sattler, and more recently by Goldschmidt, Stadarini, 

^ TraclioMia was «'xc'hisivL'ly considcivd as (hu; to a Mi'iiiKtrrlm-al nretliral socn'tion. 

'-' iSevcial observers liavc »'xi»i«'ss('d the hope tliat a seeoiidarv infection with Pn''umuciH'''i 
iniglit act eiiiatively in eases of traclionia (Feiii, (iaspairini, Kyniowitseh : »ee eliapter on 
' Pneunioroeeal Conjunctivitis '). Nothing has yet been Ijrought foiward to prove this. It 
iH iini>robab]e tliat (lunococci have tliis atttion. and tlieir toxins certainly have no curative 
action (Morax and Klmassian). Tliese various forms of irritation liave only been shown to 
have a clearing effect in many cases of ])annus, analogous to llie action of Je<|uirity (Wecker) 
and jeouiiitol (Konier). An inijirovenient in a traclionia has been occasinnally observtMi 
from an inten^urrent erysipelas (Baek). 
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Eueharnki, Wittram, Wilbrand, Saenger, and Staehlin ; they are not 
constant (Schmidt-Bimpler), and are not the cause of the condition. 
In an epidemic, which he later called a 'conjunctivitis folliculosa," 
Michel observed in the secretions Gram-poaitive Dipluron-i, belong- 
ing to the staphylococcal group, and resembling G'»ioaicci. 

Seeing that Battler ats well as Michel reports the production of 
follicles by the inoculation of these cocci on to the scarified con- 
junctiva, we can attribute to them some definite pathogenicity for 
a damaged conjunctiva. But even these authors no longer consider 
them to be the cause of trachoma (•■/. ' Staphylococcal Conjunctivitis '). 
Wilbrand, Saenger and Staehlin frequently found these cocci along 
with a yellow variety, and also the Koch-Weeks bacillus : they attri- 
bute the power of producing follicles to them. They, however, rarely 
record appearances like trachoma. When forming any conclusion 
regarding these findings, we must bear in mind that both of these 
epidemics of follicular conjunctivitis occurred in districts in which 
true trachoma is almost never .seen. 

Shongolowicz considered that the cause of trachoma was the liaiUhm 
j-rnmiit ; Noiczewski attributed it to the mould fungi ; ' Burchardt 
thought that the gohlet cells of the conjunctiva were Protozoa; and 
Elze considered the cell detritus to be parasites. These ideas have 
long since been put on one side. The latest records by Elze (U'lich./. 
Titer. II. Uiiij. (I. A., 1905, p. 18) concerning ' Fungi Imperfecti in the 
Secretions of the Eye ' only refer to the casual occurrence of a con- 
taminating organism of the Cryptogam family. Krudener described 
peculiar cell inclusions in the large cells of the trachoma follicles ; 
these, on account of their molecular movements, he called ' Korper- 
ehenzellen ' or ' Wimmelzellen.'- It is doubtful whether they really 
have a parasitic nature, as Leber has found the same appearance in 
the follicles of the normal conjunctiva. Similarly, we cannot accept 
Snntucci's views that the Strcptothrircie have a causal connemn with 
trachoma. 

The importance of the ultra- microscopical results reported by 
Riiehlmann and Santucci is very doubtful (';/'. the statement about 
the Haiberstaedter and Frawoczek bodies). The larger examples of 
the bacilli described by Raehlmann were not ultra- microscopical, 

' III ■ Idler work ilBOS) he Calln bifl urKauism u vuritty o{ Ivjitrothrix, the Microtpuron 
Iruduimalotviii, whicli lies iiri>iiii(l tlii' tntclinmii foUicle, whilp its l>iictilicBtioii orKiins are 
in the inlerior of the gmiiule. and form tlie lijalino bodies. It is obvious that Noiczewski 
has iiiistiik^u hislvlo^cal tissue (-hsnf^ for fnni^. As » niatt«r at fact, uo snob arganisnis 

' Litsr&ltj, '(^rauuie cv]\a' or 'Ewamiiuj; oells.' 
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and shoald have been obvious in the previoas examinations. With- 
out having demonstrated them in a stained smear, Raehlmann asks 
whether they are identical with the Miiller bacillas. We know just as 
little aboat the relation of these organisms to the saline extract of the 
follicles as we do of their caltnral pecoliarities. Information on both 
of these points is essential for control tests. The nature of the ' Pro- 
tozoa-like ' bodies which he described is still ondetermined. No defi- 
nite information is obtained from the ultra-microscope with regard 
to the finest stractare of the individual particles ; they are only to be 
seen as points of light. The rapid movement of the bacilli, as well as 
of the other bodies, cannot be said to be motility in the ordinary sense 
of the word. Pfeiff^er and Knhnt deny the possibility that the cause 
can be in these ultra-microscopical bodies, as an infusion of granula- 
tions when filtered and inoculated on the healthy conjunctiva will not 
cause any inflammation. This is not absolutely conclusive, as the 
immediate transference of trachomatous secretion does not always 
cause a trachoma (vide infra). The fact that Hess and Bomer, with 
the filtrate of an emulsion, which unfiltered was active, obtained a 
negative result on apes, is of definite value. Similar inoculations of 
apes by Bajardi were negative, though with the unfiltered material an 
inflammatory reaction very like trachoma was produced. Raehlmann 
does not claim to have definitely proved their causal nature, but he 
attributes a considerable importance to the bacilli, though that is not 
even shown to be likely {cf. p. 261). 

The small bacilli which L. Miiller has shown to be present in such 
a large number of cases, and which resemble the influenza bacillus in 
every particular, are not the cause of trachoma. They are inconstant 
in their presence, and in many fresh untreated cases cannot be found. 
This represents the general opinion of authors who, with every 
possible assistance, have studied such trachoma cases for years. The 
fact that C. Fninkel and Morax also agree with this view adds to its 
importance. I have searched in vain for these bacilli in untreated 
fresh cases of trachoma. A. Knapp and Luerssen also report that 
they have found them very irregularly in fresh untreated cases, and 
that their presence bore no relation to the profuseness of the 
secretion. 

It is specially important to note that Luerssen made three negative 
inoculations on the human conjunctiva with freshly-grown Miiller's 
bacilli from such cases. Only a slight transient irritation occurred 
and no trachoma. Such bacilli have also been found by Zur Nedden, 
Jundell, and myself in cases which had no resemblance to trachoma. 
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When the Miiller bacillus occurs in a case of trachoma, it appears 
that we have to deal with a mixed infection. The relations to the 
Koch-Weeka bacillus are given in the chapter relating to that 
organism. L. Miiller himself admits that there is no definite proof 
of an etiological significance for his bacillus. 

The opinion held by True, Cazalais, Gromakowski, and Biick that, 
in people with a predispOBition (lymphatic persons), any irritation, 
continued for a long enough time, can lead to trachoma, must 
be considered as highly improbable. The large experience which 
we have collected with regard to conjunetivitie points in exactly 
the opposite direction. This is beautifully shown in the case of diplo- 
bacillary infection. This eminently chronic affection can exist for 
years, even in scrofulous persons, without giving rise to the slightest 
sign of trachoma. When, in trachomatou:=> districts, it is associated 
with a trachoma, there is no demonstrable etiological connexion 
between the two conditions. 

Everything is in favour of trachoma being a specific infectious 
disease, the cause of which is not yet determined. Under this name 
we should not include every case of follicle formation, but only those 
granule formations in the conjunctiva which, in typical cases, begin 
insidiously, and finally fill the whole conjunctiva with granulations, 
gradually leading to scarring, and very often to the well-known 
pannus trachomatosus. 

Though we still hnd persons opposed to the contagiousness of this 
disease, it is established beyond all doubt. There are ]>ositive inocula- 
tions (SatUer) to prove it. Addario and Greeff transferred trachomatous 
excised follicles into the scarified conjunctiva of Wind persons. In three 
or four days the hyperiemia began, and after about eight days the 
infiltration; the inflammation passed to the other aide. By rubbing 
fresh trachomatous material into the conjunctiva of apes, Hess and 
Rbmer produced a dense formation of follicles. (This inoculated 
affection could be transferred to a second ape for sis to seven weeks, 
hut not later.) When the affection spread to the other eye no follicles 
formed there, but microscopically a few granules were to be seen. No 
reaction was produced by the Berkefeld filtrate of ground-up material, 
which acted vigorously on direct inoculation. When the ground-up 
material is heated to r>H° to 63° C. no infection results. Every attempt 
made by these authors to stain Bacteria or Protozoa was fruitless. 
Scar formation and other complications have not yet been observed in 
these animals. Bajardi reports positive inoculations in the Miirai-un 
and Ceiciypitheciix. He either planted a piece of trachomatoaa tissue 
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into a pouch made in the ape's conjunctiva, or he injected subcon- 
junctivally an emulsion of the trachomatous material. The inflam- 
matory symptoms at first subsided, but from the second week onwards 
a granular inflammation occurred, lasting a long tune, and spreading 
to the plica semilunaris and conjunctiva bulbi. He did not observe 
cicatrization. 

We also know of many cases in which doctors have been infected 
when treating cases (cf. the statistics of Wurdemann, Duprez, and 
Foulard). I am personally aware of two such. The view brought 
forward by Straub that generally it is only contagious for children 
cannot be accepted, although infection in childhood is more common 
than is commonly supposed. Ewetzky confirms this for Bussia, and 
Miiller and Morax for Egypt. The disease presupposes the trans- 
ference of the secretion, and therefore it may remain isolated in many 
cases. The contagiousness also is not the same in all stages. In 
many families living in close contact it is often found that in the 
course of years only a few persons — or, indeed, a single person — are 
affected, and that, too, when they are sleeping together in the same 
bed. 

We cannot deny the influence of personal disposition. The severity 
of the attacks also may vary in different epidemics, and in exceptional 
cases trachoma will remain one-sided. The experiments of Germaix 
are of considerable value ; especially interesting were his attempts, in 
unilateral cases, to infect the healthy eye with the contents of the 
follicles from the diseased one, either through rubbing in or subcu- 
taneous injection. This was never successful ; there appeared to be 
a unilateral immunity. Germaix has also repeatedly inoculated his 
own conjunctiva with trachomatous secretion without result. Simi- 
larly Biick reports {Munch, vied. JJ'ochm,, 1900, Bd. i., S. 256) that he 
has often inoculated his own conjunctiva with trachomatous secre- 
tion, in every instance without any result. Bitch lays special 
emphasis on the personal factor in predisposition, and considers that 
it is especially due to the presence of scrofula, as was previously 
claimed by Arlt, Panas, True, and others. (The complete literature 
of this subject is to be found in the paper by Duprez.) It is certain 
that such a condition does conduce to the infection, and can influence 
the course of the disease. The racial predisposition,^ considered so 
important by Chibert and others, has not the great importance 
attributed to it, and the statistics on which their views are based are 

' Oil this question, hw my review in the ' Ergt^bnisse,' Lulijirscli and Ostcrtag, section 
* Bakterologie des Auges,' 18y4-*.<9. The literatui-e is given there. 
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very inBiifticient. Much of whiit has been stated with the certainty of 
law on this subject has been definitely proved untrue, as, for instance, 
the alleged immunity ot the Celts; and with regard to the other 
trachoma- free . races, it is doubtful whether they really have had any 
considerable opportunity for infection. This is the case with regard 
to the alleged immunity of the coloured people in North America (who 
generally live by themaelvea), for it has been shown (van Milligan) 
that people of the same negro races in Europe and Asia are often 
severely affected. Climatic considerations, especially height above the 
sea-level, are greatly exaggerated. Low-lying land near rivers and 
marshy places do appear to be particularly affected, eeiiecially in 
certain countries. In his historical account of trachoma Hirschberg 
lays particular emphasis on this point, and asks whether the trachoma 
virus may not be closely related to that of malaria. 

It has often been suggested that some attenuation in the virulence 
of trachoma occurs through adaptation in affected races, but it is 
doubtful it such be the case. Certainly at the commencement of the 
nineteenth century, after the Napoleonic campaigns, severe acute 
catarrh was more frequently observed; hut this can have been •{itite 
well due to the more frei]uent and epidemic occurrence of the mixed 
infections referred to above, as, indeed, is the case at the present time 
in Egypt. The opportunities for infection, and the hygienic conditions 
which would favour the transference of the infection and intensify 
the seventy of the disease when establitibed, are all important 
factors. 

A condition of affairs opposed to this idea is seen in many parts of 
Germany (Rhine Valley and Westphalia), where trachoma is diminish- 
ing. It is very doubtful whether this is not essentially due to a better 
hygiene and the spread and improvement of medical attention, rather 
than to the trachoma becoming worn out and extinct. The suppo- 
sition brought forward by Peters that the tendency to infection 
by the ubiquitous trachoma virus is decreasing is also purely hypo- 
thetical. Thus ubiquity attributed to the trachoma virus is in the 
highest degree unlikely, as experience shows that trachoma has 
always been introduced, and that it form.s groups of cases where none 
were previously present. The indigenous population are naturally 
only infected when they eome into sufficiently close contact with the 
diseased aliens ; and where this contact does not occur, or does so 
only to a very limited extent, only very few cases occur among the 
indigenous population. 

Junius and Schmeicbler have rightly shown that this excessive 
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emphasis on disposition, carried beyond any justification by the fneta 
of the case, is not in the interest of the troth, and tends to minimize 
the importance of the specific infectiousness of the disease, and its 
definite introduction in the individual case. 

Acquired immunity cannot be demonstrated, reinfections are not 
uncommon, and a trachoma which has long been in a state of quiet- 
ness can break out again. 

No life-period is proof against trachoma in any trachomatous 
district. The particular age at which infection most commonly takes 
place naturally depends on the local conditions, and will vary in 
dififerent localities. The view is gaining ground that in many tracho- 
matous countries the disease is acquired in early childhood. This is 
stated to be the case in Amsterdam (Straub), for the greater part of 
Russia (Ewetsky and others), and particularly for Egypt, where large 
series of experiments by L. Miiller and Morax have shown that in 
children of the first year trachoma is already widespread, and, as in 
adults, is often combined with other infections. The previous asser- 
tion that children have a low susceptibility is not correct. 

It is doubtful whether any disease corresponding to trachoma affects 
any of the other mucous membranes. The lacrymal sac alone appears 
to be affected with true trachoma. The occurrence of single follicles 
is not infrequent in simple dacryocystitis, but when they occur in the 
enormous numbers which Kuhnt, Raehlmann, Werncke, Ischreyt, 
Cirincione, and Basso found, they can be considered as a sign of 
trachoma. This is just as valid a diagnosis as is made in the case of 
the conjunctiva, as there, too, non-trachomatous follicles are fre- 
quently enough seen in other forms of irritation. It is very strange 
that the conjunctiva of the lacrymal sac is only affected in a proportion 
of the cases, although in them all the infectious secretion comes in 
contact with it. A case reported by Stock favours the spread of 
trachoma in the subepithelial adenoid tissue of the tear passages. 
This case is figured on p. 280 to show the enormous masses of the 
I^iinunororri which lie in the lumen of the canal. The specimen was 
a fresh post mortem one from a case of severe trachoma with a diffuse 
infiltration, which had broken through the epithelium at one point. 
Besides this, there was a fresh dacryocystitis with a few follicles. In 
the secretions of dacryocystitis in trachomatous cases Pihumococci are 
often seen. In spite of this, an ulcus serpens in such cases is very 
rare, although disturbances of the epithelium are very common. 
Uhthoff and Axenfeld consider that this is due to the frequent vascu- 
larization of the cornea being unfavourable to the development of an 
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ulcuB aerpena. Augustein (hr. cit.), on the other hand, thinks that it 
is due to an antagonism between trachoma and I'lieumoi-ni-ri. 

Whether a true trachoma of the naBal mucous membrane occurs, 
as claimed by Kiiht and Hoffmann,' must remain uncertain as the 
nasal changes which so often occur in trachomatous persons do not 
present any Bi>ecial clinical peculiarities. Basso considers that the 
follicular afifections which occur in other parts of the body — i:.fi., in the 
pharynx- — have a direct etiological relationship to trachoma. This is 
very unlikely, although Peters has shown many points of similarity in 
their histology.- 

So long as we do not know what is the cause of trachoma, it is 
manifestly impossible, even in the conjunctiva, to define this disease 
with exautnesa, and to determine whether there are abortive cases, as 
Peters claims, in which follicles are not formed. There is no proof of 
the existence of these follicle-free cases of trachoma, and with regard 
to epidemiological quentions this hypothesis can for the present be 
neglected, as experience shows us more and more that an infection 
with a trachomatous secretion will always cause a follicular affection. 
In the same way the discovery o! the cause alone will show what is 
the relationship between mild follicular affections of the conjunctiva 
and true trachoma. This much we know for certain : that many forms 
of irritation^ — chemical, mechanical, physical, and infectious — can lead 
to the formation of follicles which are not contagious, and have 
nothing to do with trachoma. 

The so-called 'school follicle' (' Schulfollikel," Cohn, Schmidt- 
Rimpler) is an example of the non-infectious, or rather non-con- 
tagious, forms of follicle formation; this is very often seen in 
children of the school age. It occurs without any special irritation, 
and has often been mistaken for trachoma. Greeff and Mayweg have 
shown that the introduction of such follicles on to the healthy con- 
junctiva does not produce any reaction. It appears that the majority 
of these follicle formations in the conjunctiva are the result of 
chemicu-physical insults (dust, foul air, over-strain, etc.), acting 
simultaneously on many people, especially school-children, and thus 
giving the imprecision of an epidemic affection. Saemisch called this 
latent form ' folUculosis conjunctiva;,' to distinguish it from ' con- 
junctivitis folliculosa,' in which inflammatory symptoms are much 
more pronounced in the conjunctiva. With the secretion of a con- 
junctivitis folliculosa which had developed in a cavalry regiment, 
Hamperi made many inoculations of the human conjunctiva. These 
' iDBiig. Dissert, KuuigslxTg, IBOU, - A'. M. f. A., 1902, si. 1. |i. 49r. 
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were without effect, as was also the transference of an excised follicle 
into his own conjunctiva. Samperi found in the secretions of these 
follicular cases, along with Staphylococci, very many Bac. mesenterieus 
and Bac. suhiilis, which were also present in the dust from the horses ; 
he therefore referred the disease to the action of this dust. The 
Staphylococci were only secondary to the presence of the follicles. 
This was, of course, not an infectious disease. 

B^al made three inoculations with the secretions of an acute con- 
junctivitis foUiculosa, and only once obtained a slight follicular affec- 
tion, which disappeared in a few days. He, nevertheless, considered 
the disease contagious, on account of its rapid transference from one 
eye to the other. The actual infection must, however, take place in 
some other way. 

Benign infectious follicular affections of the conjunctiva do also 
occur, and we are not sufficiently well acquainted with their cause. The 
findings which Michel, Sattler, Basevi, Wilbrand, Saenger, and Staehlin 
(Gram-positive cocci) report were only in a few of such epidemics. 
The consideration of these findings has already been discussed. They 
were the more acute epidemics in the course of which follicles had 
formed. As I have already mentioned in the chapters on the organ- 
isms in conjunctivitis, transient follicular formation has been observed 
in infections with DiplohacilUy Pnewnococci, and Streptococci, Among 
the benign, chronic, and almost latent follicular epidemics with nega- 
tive bacterial findings, there are cases which can be transferred by 
inoculation, and which, therefore, can be infectious. I have proved 
this on myself. I have had an excised follicle introduced into 
my own conjunctiva, where, after a ten days incubation period, 
a progressive follicular formation occurred ; in about four weeks it 
passed over to the other side, affecting the upper and the lower 
fornices. The condition lasted for about eighteen months. A condi- 
tion endemic in an orphan asylum was found to differ from trachoma 
in that the cases always healed spontaneously, without leaving scars, 
and without having produced in a single case any of the well-known 
complications of trachoma. My own inoculated conjunctiva spon- 
taneously returned to the normal without any changes. It is not 
likely that in these cases an * attenuated ' trachoma was present. 

Only the discovery of the cause of trachoma will bring certainty in 
these investigations, and to this end we must use new culture methods, 
as the finest of our present ones have completely failed. 
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CHAPTER VII 

THE LACRYMAL APPARATUS 

Dacryocystitis. 

Trouoh the mucoiiN membrane of the lacrymal sac is in immediate 

continuation with that of the conjunctiva, still it does not react in the 

same way to the causes which produce diseaBe. 

The majority of the infectious diseases of the conjunctiva pass the 
lacrymal sac by without affecting it, although the organisms which 
]iroduce them jiass through the sac in large numbers. We can only 
presume that, on account of frequent downward evacuation by the lid 
movements, the material which enters it cannot gain a footing. The 
importance of thiB is shown by the fact that, when there is a stenosis 
of the nasal duct and the flow of the secretion is prevented, a catarrhal 
inflammation soon occurs. This, however, does not explain all the 
facts, for during the course of a gonorrh<ea of the conjunctiva the sac 
is filled for weeks with infectious material : we must rather assume 
that the mucous membrane of the lacrymal sac possesses quite different 
'afSnities' or receptors. It is more nearly related to the raucous 
membrane of the nose than to that of the conjunctiva, and is relatively 
immune to the Ooin'rorcim and the Koch-Weeks bacillus. An inflamma- 
tion of the lacrymal sac in the course of these affections is well known 
to be extremely rare, and in the exceptional cases in which it does 
occur, an examination should be made to see whether there is not 
a mixed infection with some other bacteria, or some special condition 
present. An inflammation of the lacrymal sac with Diplnharilli is 
also verj' rare; I have exceptionally found liiplohaciUi to be the only 
bacteria present in the lacrymal sac. 

It we consider the facts and the results of bacteriological examina- 
tions, we tind that Piu-iiino<iMi-i, either pure or mixed with other 
organisms, are the most common organisms present in a simple 
catarrhal dacryocystitis : next in the order of frequency are the 
Staphi/lococci then perhaps the Gram-negative bacilli of the influenza 
275 18—2 
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group, then the Streptococci and the other pyogenic bacilli. Staphylo- 
cocci are rather common in small numbers, as casuals along with other 
organisms ; but it is rare to find them in pure culture, or po in excess 
that they could be taken to be causal. None of these infections will 
attack the lacrymal sac unless they are fixed there by some predispos- 
ing factor. Any stoppage of the duct, especially one which is due 
to nasal conditions, has an important influence. Yoelkers and Rehr 
lay stress upon injuries to the mucous membrane due to small foreign 
bodies which pass down from the conjunctiva. Individual variations 
in the nasal duct have also a predisposing influence. Cases of catarrhal 
dacryocystitis primarily due merely to the introduction of the last- 
named irritant are quite rare. Cases are quite common in which a 
transient obstruction occurs due to the infected mucous membrane 
swelling up, and in which complete healing can be obtained by simply 
washing out the sac. Even in these cases I have mostly found 
Pneumococci. 

A primary infection must be presumed in many of the cases of 
tuberculosis of the sac in which no changes can be found, either in the 
nose or in the surrounding parts. It is quite impossible to say 
whether these infrequent cases may not be endogenous. (I consider 
that endogenous tuberculosis of the conjunctiva is not such an extreme 
rarity.) Considering the experiments of Valude (see * Wound Infec- 
tion,' p. 78), it seems hardly possible that a healthy sac with a normal 
passage can be infected by tubercle from without. A * primary tuber- 
culosis of the lacrymal sac ' in many cases may develop ectogenously 
on the basis of a previous stenosis or a simple dacryocystitis. 

Not uncommonly the tuberculosis arises from a lupus of the nasal mucous 
membrane finding its way upwards. In many cases the dacryocystitis in a nasal 
tuberculosis is really non-tubercular, and merely a simple inflammation due to the 
retention of the secretions (Jaulin, Ginsberg, Shiba, K. M, f. A., 1905, Beilageheft, 
Axenfeld, Med. Klin.y 1906, No. 7). Even a dacryocystitis complicating a tuber- 
culosis of the conjunctiva (see here the literature) need not necessarily be tubercular 
(A. Levy). 

Seeing that tubercular dacryocystitis cannot always be diagnosed as such 
clinically, Morax recommends that the secretion should be stained for the tubercle 
bacilli. This, however, is not always a certain method, as a negative result will 
often occur in tubercular cases. 

Trachoma seems to have more afiSnity for the lacrymal sac, although 
primary trachoma of the lacrymal sac has rarely been demonstrated. 

In the chapter on ' Trachoma ' it has been shown how a complicating dacryocystitis 
is often trachomatous. Kuhnt, Werncke, Raehlmann, Ischreyt, and Basso found 
microscopically so many follicles in the sac that trachoma could be certainly 
diagnosed. 

The hypothesis that there is really a true trachoma of the sac is not contradicted 
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bj the fact that follicular (orniation is sometimes found normally in it, just as in 
the conjuDotiva wo meet with simple nnd tracliomatous follitulivr formatiim. 
_ itocfaon'Bavigneaud and Tartuferri'a denial of ' trachoma of the hoc,' because 
follicles are also found undihr noriaaj circuEastsncea, is not juBtifiable. Weber,' 
Moauro,' Kalt.^ De Vincentiis, and Ciriacione ' have demonstrated the preiionae of 
folUclea which they coneider to be trachomatous. A primBry trachoma of the 
lacrymal iulc oan also develop.'' The means by which the affection is transferred 
from the conjunctiva into the lacrymal aac is radically diSerent from that of any 
other form of conjunctival inflammation, in that the trachomatous follicular inUl- 
tralion spreads along the oanaliculi under the epithelium ; I have preparations from 
Dr, Stock in which this canaliculm: infiltration Is very easily seen (f/. Fig. 52). 

This umat not be taken to mean that all cases of dacr,vocystitts in granular con- 
jnnotivitia are neceasarily trachomatous ; many of them are simply catarrhal. 
The bacteriological examination of the pus from these cases of trachoma of the sac 
gives the usual findings. According to Augatcin," PneamocoiTt arc the most 
plentiful, and L. Muller emphasiiice the frequency of the infiuen^a baciUi, which 
are commonly found in the sac under other conditions. 

For the present it is doubtful to what extent the changes whlcc occur in the nose 
in traohoiuatons patients, and are especially common when there is also a dacryo- 
cystitis present, are specifically trachomatous. 

The great import'Snce of the diseases of the noBe, with regard 
especially to affections of the lacrymal passages, is due to the fact that 
changeB in the nose by an ascending swelling in the nasal duct (a. the 
literature by Eversbuach, second edition of the Saemisch Handbook, 
1905), or through a stricture, mechanically obstruct the outflow. 
Nasal bacteria cnnnot ascend the healthy nasal duct (Btich), and even 
in the presence of stenosis and dacryocystitis no ascent could be 
experimentally demonstrated to take place (Hauenschild). Neverthe- 
less, with an ascending inflammation of the mucous membrane in 
mntiniw, an upward spread of the organisms appears possible, provided 
that they are not being freely removed. 

AfFections of tbe neighbouring sinuses (ethmoid, frontal, and 
maxillary) can also involve tbe lacrymal sac, chiefly because an acute 
collateral hyperiemia or toxic irritation spreads to the tear paasagea, 
producing stenosis and catarrh. With the healing of tbe original sinus 
trouble such a condition may immediately disappear. Sinus afTections 
cfin occur in simple chronic lacrymal catarrh (Kuhnt, etc.), but they 
are uncommon. On the other hand, in the acute forma, and when 
a fistula is present, an adjoining sinusitis is common (Peters and 
Hammer).' The relationship varies : the inflammation of the sac 
may spread to the ethmoidnl sinus, and vice versa. 

From the bacteriological point of view it is noteworthy that, in tbe 

' A.t. 0.. 1861, viii. lOS. Bd. 2. ' Ann, .li Oltal.. 1890, !rii. 377. 

» life. d'Ophlh., 1894, p. 370. * Anii. di Otlal., 1890, lii. 362. 

* Sea the disserUtion of W. HoITitiiuiii (Konigsberg i/Pr., 1SS6). under Kahnt, gi'^ng 
otatiiitics uf over 3,000 c*aea of conjiiDctivitin granaloaa. 
' Zeit.f. Aug., I90«, xvl. SIS. ' HaninuT, Inaiig. Diaiwrt,, Kustofk, 1906. 
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inflammations of the accessory sinases Pneumococci, Staphylococci and 
Streptococci are by far the most important.^ A direct passage and 
communication between a sinus and the lacrymal sac only occurs 
rarely in phlegmonous dacryocystitis, due to its spreading beyond 
bounds and forming a fistula. 

When the duct is closed, the overflow of infectious secretion must 
find its way upwards into the conjunctiva ; hence the great liability of 
wounds of the globe to infection. The statement by Hauenschild that 
such an overflow does not take place unless some special pressure 
is applied cannot be confirmed, although it is true that an ascending 
infection of the nasal duct does not generally occur. 

If the sac be completely cut off, its contents will gradually become 
sterile, as is the case in similar conditions of other closed mucous 
cavities, particularly the accessory sinuses of the nose, which form 
mucoceles with sterile contents. The bacteria {Pneumococci) will 
finally die out, unless the retention causes a spread to the surrounding 
tissues, and an acute inflammation with a fistula results. 

The results of occluding the canaliculi by cauterization in cases 
where there is total stenosis of the nasal duct shows that this acute 
spread is not very common ; it is more common to have a retention 
cyst with sterile contents. The recommendation of Brandenburg 
that, instead of extirpation, the canaliculi should be cauterized to cut 
off the sac, is based on sound principles. Complete occlusion, how- 
ever, does not always follow this method of treatment. 

Bacteriological Findings. 

In cases of dacryocystitis the extraordinary richness in bacteria 
of the pus from the sac was long ago the cause of investigations 
by Leber, Widmark, Sattler, and Schmidt-Eimpler. Purulent infec- 
tions of the cornea could be obtained experimentally both by the 
inoculation of the pus and the pure cultures obtained from it ; results 
thus obtained agreed with the clinical evidence in man. Schmidt- 
Eimpler compared the effect of inoculating with the pus and with the 
pure cultures, and showed that the lacrymal secretion varies very 
much in its infectiousness. 

Attention was at first directed to the Staphylococci and the Strepto- 
cocci Later, however, from the researches of Gasparrini, Cu6nod, 
Mazet, Uhthoff, and Axenfeld, the most important organism present 
was shown to be the Pneumoconus, which in the majority of cases 

^ See section on *The Orbit,' and Holi'mann. Z. f. A., 1906, xvi., ' Feat seh lift f. Kuhnt,' 
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oceurred in lurge numbers and in & virulent form. (The enormouB 
numbers o( Piwumococd which can fill the sac are shown in Fig. 52, 
from a preparation by Htock. This specimen was obtained immedi- 
ately after death from a patient suffering from trachoma with an 
untreated dacryocyBtitis chronica, and was stained by the Gram- 
Weigert method. The lumen of the canaliculus at the entrance into 
the sac is filled with Piteu>noco<.ri [blue]. At one point they have 
begun to break through into the surrounding infiltrated trachomatous 
tissues.) RoUet, Guignot, D. Smith, Poulard, and Roche have found 
the same appearances. As these organisms in culture often grow in 
the form of long chains, we may conclude that some of the appear- 
ances which have been described aa due to Slrephicoiri have really 
been of this class (Poncet and Redard, Soc Franc. d'Oph., 18fi6). 
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In 80 cues of catarrhal dacryocyetitU, methodically examined i 
Brona during 1900. the following were the findings : 
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Staphylococci in excess (1 with Diplobacilli). 
5 ,. ,. Grain negative hooilli, I influenza (with a few 

cocci), 1 the Pneiimobiicillus (with a few oocol). 

Many of the oasea contained stray xerose bacilli in the secretions. 
The Fneumococci from the locrymal aac agree in their cultural and morpho- 
lo^cal features with those obtained from ulcera serpentia, or from the conjunctiva 
(ase p. 1S3). The variabUity of their form in cultures and their differential 
diagnoaia from the Strejitocoeci ia fully given on pp. 1B4 and ^07. 

There is a marked difference between the action of the Pfieiiitwi-occi from the 
conjunctiva and those from the locrymal sac. The former may be quite harnileas, 
with feeble power of growth and virulence ; but when they do cause an inflammation, 
it ia typically an acuta apontaneoualy healing conjunctivitis (ace ' Pneumococcal 
Conjunctivitis '). The Pnemnococci rapidly disappear, and a chronic inflammation 
from this cause is rare. On the other band, the organiams in the laoryniol sac 
do not cause such a reaction ; the catarrh here is eminently chronic. Under 
some circumstances (he P-aeumococci may remain present for years, and that, 
too, with a greater virulence than tbey have when obtained from the canjunctiva. 
This is shown by the mohgnancy of the corneal leaions produced, and bv the 
results of eiperimental inoculations with the secretion (Sohinidt' 
cnlturea. 
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The Pneiimoeocfi in the boc aa n rule are derived from Ibe conjtUH 
Ttaely come from the nose. The increase in virulence ma; be due to th 
in the sac (hey are at a higher temperature, one nearer that of the 
obtains in the conjunctiva, and also because they arc better no uriBhed I 
conjunctival fluid. Perhaps the lower acidity has aa influence. Gifibrd 
that the Fneiimococcua although a facultative annerobe retains its virule 
when cultivated from [he conjunctiva if kept free from acidity (by the 
Buch er) When the growth of pyogenic Pnc mo n la eiamined 
_ eitirpatioi of the sac, we 
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these bacilli were of great importance in the sac, especiaU 
pathology of hypopyon- keratitis, because oza;na was so co 
present also. Eesulte have not confirmed this opinion ; th 
certainly been found in many cases of oztena (Terson and Gab 
Mazet, Lodato}, but, as a rule, the hypopyon-keratitis in these 
1 by the Pneumocuccits. In eomparison with the organis 
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'lO. SH. — yE«l;KT10N FROM A CaSE Of 
Dal-KYUCYSTITIS with IS'ftUBNZA Ua- 

ciLLi (Rbd) and Xerosis (Blcb). 
Guam Stain, x 1,000. 



we have mentioned, the Staphylococci are of very little importance in 
the secretion from the sac, although they are often enough found there. 
The indication for the us 
the ' staphylase ' of Doyen in I 
dacryocystitis, as recommended | 
by Darier and Berard, is there- 
fore very limited. 

Still more rarely do we find I 
Bacteiium a>U in phlegmonous I 
dacryocystitis (Mircoli, Mazet, 
(.ihthoff, Groenouw, Rabino- 
witscb). This organism may I 
have been the cause of the [ 
abscesses, ae when cultivated | 
the bacilli were very pyogenic. 
Other organisms which have ' 
been foimd are the Bacillus 
pyoi-.yaiiaie (Sattler, Jaulin), 
and certain peculiar pyogenic 
bacilli of variable form, not 
exactly classified' (Sattler, Uhtboff, Mazet). A strain resembling 
ProU'us caused a hypopyon-keratitis in the cornea of the rabbit. 

The two photographs here 
reproduced show a pyogenic 
bacillus of peculiar form which 
I grew from a case of a dacryo- 
cystitis several years ago. 
Sarcitue and Actiiiiimi)ces allin^i 
have been found, Griffiths re- 
ports having found the Koch- 
Weeks bacillus twice in casew of 
chronic dacryocystitis (in such 
eases we should be careful about 
the differential diagnosis from 
the influenza bacillus). 

In the glairy non- purulent 
secretion the xerose bacillus is 
often prominent (Fagge), and 
may appear to be in pure 
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culture; such a secretion is not necessarily infectious, though it is 
not justifiable to consider all cases which are not purulent as harm- 
less, as even in them pus-producers may be present. Cu6nod found 
the Pneumococcvs eight times in ten cases with glairy secretion. In 
the purulent cases these bacilli are quite subordinate to the pyogenic 
ones mentioned. 

As has been already mentioned in the chapters on * Influenza Con- 
junctivitis ' and ' Trachoma/ the influenza bacilli are fairly often 
found in the pus from the sac (the term being applied to those small, 
short, Gram-negative rods which only grow on media containing 
blood). These bacilli were certainly overlooked by the earlier 
examiners. Since turning my attention to this point I have found 
them very frequently. Brons has established their cultural identity 
with the influenza bacillus (Ffeiffer). L. Miiller was the first to draw 
our attention to these bacilli in the sac ; he has given up his original 
view that they were a proof of * trachoma of the sac' I have found 
them often enough without any suspicion of conjunctivitis granulosa. 
Brons rightly draws attention to their frequency in Baden, which is 
free from trachoma. 

A case of diphtheria of the laorymal sao with diphtheria of the nose, but without 
any such condition in the conjunctiva, has been reported by Feilchenfeld.^ Behring*8 
serum rapidly cored it. There was no bacteriological examination. 

Darier's statement that he found the Oonococcua in the secretions of simple 
catarrhal dacryocystitis, is not conclusive, as his records contain no differential 
diagnosis from the other Gram -negative Diplococci. 

In the secretions of chronic sac affections I have occasionally found 
Gram-negative Diplococci. The essential factors in deciding about 
these organisms are given on p. 212 in the chapter on * Gonorrhoea.' 

They were usually the Micr, catarrhal is. The conjunctiva is only 
slightly affected by them. 

Veillon and Morax have found the anaerobic Bacillus fundulifonnis 
along with Streptococci in a case of gangrenous pericystitis. This is 
one of the putrefactive organisms which cause gangrene, and is related 
to the angina bacillus of Vincent ; they also found another pyogenic 
anaerobic bacillus. Besides these organisms we can also find casually 
many varieties of saprophytes (the Bacillus mcsentericus) and Sarciute, 
Mazet also found non-pathogenic bacilli. 

The cases observed by Gallenga of rbinoscleroma of the sac are 
very unusual, as are cases of g*landers, such as that of Gourfein 
{cf, section on * The Lids,' p. 73). 

1 Z'7if.f. Au'j., 1902, ].. r.. 
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It shoald be noted that the not uncommon form of dacryocystitis in 
the newly-born, dae to delay in the opening of the nasal daet, is 
generally quite free from bacteria, and is caused by a collection of 
detritus and mucus in the sac (Michel, Yossius, Cirincione, Teraony 
Wintersteiner, Topolanski, Babinowitsch). A secondary infection 
soon occurs, the secretion becomes more and more purulent, and, as I 
have often been able to demonstrate, shows no material difference 
from the dacryocystitis of adults. In many cases I have found 
Pneumococd and Staphylococci. Hirch found PneumococcL Yalade 
found the Tetragenus. Antonelli found (presumably) Oonococci in the 
intact conjunctiva (his findings in the absence of cultures are not 
proof of the presence of the Oonococcus). Selenkowski cultivated very 
virulent Staphylococcus aureus. Such cases of dacryocystitis or dacryo- 
stenosis congenita can simulate a primary purulent conjunotiviti& 
Peters is right, therefore, in stating that attention should be paid 
to the duct in all cases of non-gonorrhoeal suppuration in the newly- 
born. Ftehin named this condition a 'pseudo-conjunctivitis* — a 
name against which Fejer protested, as it has nothing to do with the 
conjunctiva. Care must be exercised in the examination of these 
cases, as sometimes it is only after deep pressure in the fossa lacri* 
malis with a glass rod that the pus will be evacuated from the sac. 
It would be going too far were we to consider all cases of non-gonor- 
rhoeal catarrh as invariably of this type. In all cases of gonorrhoea, 
too, it is advisable to examine the lacrymal passages. 
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MOULD CONCRETIONS. STBElTOTHSICE.t; (.ACTINOMYCOSIS) 
IN THE {-ANALICtTLI. 

Clinical Appearances. Historical Account. 

In the region ol one ot the caniiHculi, generally of the lower, a red 
swelling slowly develops, accompanied by caturrhal symptoms. In 
the complete statisticB of over fifty caaeK, most of which were in 
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women, the upper canaliculus was only four times affected. At it« 
greatest the swelling reaches the size of a hazel-nut, and generally is 
less. An elongated, firmly resistant mass is felt in the region of the 
canaliculus, and the corresponding punctum is dilated. The greenish 
or darkly-stained contents of the canal, when pressed upon, sometimes 
pass to the oi)ening, but they are not evacuated ; either nothing comes 
out or else only a very little pus. The passage into the nose may not 
be closed, and fluid can be washed through from the canaliculus. A 
perforating ulceration of the skin has never been observed in these 
cases ; the clinical appearances remain the same for months ; the 
swelling may increase, but will not exceed the maximum stated. It 
is not known whether such cases would heal spontaneously or not, as 
every case which has been observed has been incised and evacuated, 
with rapid and permanent healing. In a single case reported by 
Krukow-Kastalsky, when the concretion was removed from the lower 
canaliculus, a similar one developed in the upper. 

When the canaliculus is opened in the usual manner, a peculiar 
mass either comes oui, at once or does so with a very slight pressiu*e. 
Sometimes there are several larger or smaller masses. The mucous 
membrane of the inflamed canaliculus is very much stretched, but its 
continuity is quite intact, and the mass is not adherent to it anywhere ; 
it can be removed easily, and with any blunt instrument, and is only 
retained when the incision has been too small, or the mucous mem- 
brane has developed side pouches. There is only a single case 
recorded in which a loose connexion with the walls could be demon- 
strated (von Schroder). 

The material removed varies in amount from half the size of the 
lens to that of a bean. Its surface shows fine elevations and clefts at 
places, and has a waxy appearance. Its colour is mostly greyish-green 
or greyish-yellow. Many concretions are brown or dark brown ; these 
are older, harder, and less easily teased out than the more recent ones, 
which are very readily broken up into smaller fragments, which can 
easily be s(iueezed out like wax between two cover- glasses. In some 
cases calcification of the concretions occurs {A. von Graefe, Gruning). 
The mass of mould seems finally to die, when we have a calcareous 
body surrounded with debris (Snegirew, Capellini). The micro- 
scopical examination by Capellini of these later stages is of 8i)ecial 
interest. The concretions contained calcium monophosphate and 
carbonate. In the sections a dendritic netlike structure w^as very 
evident, produced ])y radially arranged needle-shaped crystals ; the 
most peripheral layers of the individual crystalline masses were 
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Htained dark brown. The Streptotlirix elementB were uo longer 
visible; still, the concretion had probably developed on such an 
organic batsis. 

Wben fatly ilev(<loped Uie clinical appearances are almost absolutely cbaroc- 
t«ristic.' The earliest records of this conditioii are by Cesoni 116701, Sandifors 
(1779), and Desmarres (1S42). Albrecht von Graefe was the tirst to ^ve a clear 
descriptioD [which atill holds good) from ten cases under his own observation. He 
stated definitely that the conteote of the canaliculi must be of organic nature, 
and this was confirmed by the microscope. Gra«fe was at first inclined to identify 
the mould wilb favus. Conheiiu, on the other hand, defined it as ' LeplothrU.' 
His views were followed by Leber and Waldcyer, the latter because 
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Flo, 57.— CoscBEMBNTa : Dalen's CiSB. 



in his case was dark brown, as is Leptoflirix in the mouth. Both observers 
mftke the reservation that the Slaiiients which they found were here and there 
branched, and bIso that they were different from Lrptofhrix in that the 
choracteriBtio iodine reaction wai not obtained. Graefe then adopted the name 
' Leplothrij:.' and the disease went under this designation itntjl 187G. The same 
explanation of the condition is repeated by Camuset and Hirschbere'. Ferdinand 
Cohii differentiates the mould from Lfjilolhrix for the reasons already given ; 
he considered that he had to do with a special form, and gave it the name of 
SIreplotkrix foertleri.^ He stated tliat the filaments were of an even thickness 

' V.'iy Pxee}>tioiinIly other foreign bodi™ are fowiid [Mifvaljfky). I have seen svphihs of 
till' curialiculus showing this ap|iearanc«, 

' Canali? is quit« wrong in applying this name to a variety of StrrplMrix. growing on 
nitar ui a thick dry luaas, and which he obtained from the conjunctiva in traclioma, and 
which 1 btve aim round under the sama conditiana. TUuse are really exanipleB of tbo 
widuspresd Aetinomyeu ofliMJ (LaoUncr and Sandoval). 
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like hair', a:id un<l«r a Ion' magniiicAtion appeared hotnoseiieous ; the,T were hnf 
etrai<;ht, ttieri.> coiled '[iiite irrei^ularly. and they branched, though not trttly. 
They dirTtr fr.m Str'it-thrir k;---:t!it. which U thicker, straight, and ati^ ii 
definitely se::iuente<l. :»iJ Jixs n t brLim-h; the Sirei>t<iHiri-r fprrateri Aoet not 
give tlie i»diiii^ re:i(-iioii. The ^ouih i-' ana1oi;ou« to Le/ttol/irij to the extent thit 
the main aia** of the i-oncreti'in is toriuei c-f the fungus alone. Von ReiiBs aad 
(ioldzteher uiulertook -j. rovisioii ai tht- ILterAtnre on the basla of Cohn'a retiolli. 
Tliej- iiltnlitieil the older cases with th.)** .iae to ilie Strtplothrij- foertliri. Since 
then iliia nLtnii- is mo»tly use>l in the «t;t:i«tii"' until in IKtM, when Schroder and 
von Iluth applied the n»me ■ Ai-tiiiouiycosis ' t.- the concretiona on nc<'i>unt of tJw 
p^e^sence iJi theiu of refrAccilr bodies with kii^tlted or clubbed processes. Theii 
coiuiuuiiicalion n'as anticipated by that of Touiiua:>olt and Bajurdi. hut these latter 
were not known in iho opluhikhuio liieraiuiv. lioldzieher and \-on Keusa coo- 
siiiered that the e.trlicr eas^s weiw Arrc/'dir/.n.'-.f, and von Schriider collect i ihe 
liteiaiur): to lialu under the hoAdins! of ■ A I'lini' mycosis '—that is, he considers ibe 
condition due to a particular iorni of Sir. I'tothiij-. He identilies the mould with 
the Arfiniimif'-ri ii.imiii"- n'l: Lri'. and it must be admitted that in his own caeei, 
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and in ihosr iif lli.' luitliors who fuund these typi<'iilV"l"ilir refractilc bodies, this 
conclusion frmn iiistoli)i;ital j;rouiids U ju>l iis \!ilid ns is the custoiiiary sui-gical 
ilhignosis o( this ovHuiii^ni. In ilu- larfi' iiunibur of c:i-eB in which no" globules 
wore seen, but only ribrils. ih.> varinbiliiy of ihc Ariinoiityc-^ iti such that its 
pri'ficm'C caunol bi- 'cxfhulid. li.>str..iii iuul Israel daitucd thai the older cases 
were Ailinouiyio^is, and F.rdiuiind Cohn biti-r anil""-''! *''''■ them. ScI)F;ider con- 
siders that the iijiiipuvalively benign tharai-ter o( tin- affection, when compared with 
ActinoiDViosis in fjem-ral, is not evidetnc nvMi»'>t Mueh u causi'; for this can be 
cxplaini'd by r]u> fnci that the funiriis hero lies in an epithelial cavitv. and also by 
the bjw nutritive value tit tuc trars.' 

This I'rjiiiiniiniciition lot ScluiuleiO iitinieled fi'^neral iitti'ntinii, whh the rcKult that 
'still turllic-r .-mti-iiciil rnords wrre forlhtominj; under the title of ■ Aitinoiuyoosis ot 
the CaiinlicidiM'.wetsky. KlschniB. I.aiigi', v.in S.hr.id.r. Mitvalsky, nob,rt'Tei-aon, 
(iinsb.rs. M!n.-kiiy, ( iirlEiis. Awi'rbacht. In uni- of his Inter casps von tSchn.der 
was iiUe to ..lui'w lliiii ilu' niould liliiiiiciits jiad pinetriitod the walls of the 
canal ifuUi> ; tli^' elinii'iil piei\iH' Has, hoMev.r. the siiuii-. 
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Boubta as to the correolnesa of ihe new view arc aroused by the nnoiualous 
clinical appearances, and by the geoeral agreement tbat Acliiwmycai hovii 
belongs to the family o( the Strfptothrice/e, the members of which can resemble 
each other very fully in their morphology, though in other respects they are 
essentially different. I-achaer and Sandoval, Aienfeld and Kaetalsky, insist that 
e\bauBtive examinations of cultures are necessary before these organisms can be 
defined with certainty. At present it is better to speak of StreptolkriceiF. If we 
consider the Slreptolhricta; as Actinomijcetes, then the concretions can be spoken 
of as Actinomycosis. We should not conclude that these organisms have been 
proved to be identical with the variety Acl. hominit ten bovU. Van der Straeten 
goes still further, and considers that this affection is only a pseu do- actinomycosis, 
because the clinical picture is so different, and the typical retractile bodies ue 
wanting; Bourgeois expresses the same opinion. 




■.\\ENFELD, Case I. Anaerobic: AoiK Cultube. 



Axenfeld and Cahn have shown that this exclusion of the Aelinomycela goes too 
far in the other direction, for the reasons brought forward by Van der Straeten do 
not definitely exclude the presence of this organism (ace p. 293). The further 
examination of this case by Awerbacli has shown that it agrees with the Actino- 
myret bovU in many particulars, so that the name is rightly applied to it. 

The work of Silberschmidt shows that the variety known as Actinomyrei bovia 
is not the only one which takes part in the formation of concrementa. In 1900 he 
obtained two series of cultures ; till then every attempt at cultivation had mis- 
curried, or else, as in the two first cases of Kastslsky and Axcnfeld, was tiot com- 
plete enough for thorough identification. 

In fresh and unstained preparations Silberschmidt found fine Gram -positive 
segmented filaments, and along with them elements resembling cocci Very few 
branches occurred, and here and there were slightly thickened ends to the filaments. 
No radial arrangement of fibres with clubbed ends could b« seen, nor were the 
filaments coiled. 

19 
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Cultures eould on^ be obtained Bnaerobkally, and groivt)i onlj- occurred after 
several da,vB in the incubator. At the bottom of the agar tubaJ( 
developed in the fonu of round gre,vinh- while smooth granules, 
the neighbourhood of the stab becauje clo\id.v. 



labaJb' 



,^tab culture 




iA(^ ."'-Mr' 









At the bottom of a bouillon culture a niulberry mass fonned ; it was easily 
broken up, and disintegrated when ahakeo, Che fragments rcaenibling small pieces 
of cotton wool. 

\VheD freely transferred, cultures from bouillon and agar could be propagated 
on agar. 
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Polymorphism was very pronounced in the cultures. TIib first cultures sliowed 
roda like diphllieria bacilli, which oocasionalij- branched. Long branchiiig ihrenda 
1 thetu were often very obvious ; flhorl rod* occun'ed atili more 
1 the older cultures cocco-bacillary fornis. Long threads were 
a when the material was evenly ond smoothly spread, and not too 



with swellings 
Frequently, and i 
especially wl-U see 
much teased out. 

Closely tangled bundles of tibres v 
arrangement. 

The SIreplolhri-r had aiily a slight pathogenicity for animals ; intravenous 
injection in rabbits produced no resull, but intraperitoneal and subcutaneous in 
guineapigs and wbile mice produced a free local suppuration. 



r observed, nor was there any radial 



















— AxENFELU, Case III. Smear 



This Sfreplolhrir, therefore, corresponded neither to the aerobic Artinomyct* 
of DostTom, nor the anaerobic one of Israel. Of course it h impossible to say to 
what extent the characteristics determined by SilberBchmidt can be applied to the 
earlier cases which were culturally undefined. 

Silberschmidt was very fortunate in having a pure culture of the Slreplofhrix 
from the first. This is rarely the case. In my five cases which are descrilied in 
ibe dissertation by Cahn, there was always from the first an ndmixturc of large 
numbers of other organisms— Sfrs/iforoeft and bacilli (exclusive of the cocco' 
bocillary forms of the Htrejilolhrircir). These other organisms rapidly grew over 
the medium in the aerobic cultures, while the Slrfptolhrireie, with tbeir slow growth 
never appeared. On the other hand, in anaerobic cultures the former were in abej- 

19— a 
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nnce, and in three euaes it was ponBlblB to obtnin cultures of the Streplothris. 
Cultural isolation and exact definition of the mould were only successful in two of 
thase cases. In one of them the liquefied anHerobic i^ulture was left for eighteen 
months, when the Slreplolkrix was alill living, the other organiBma having died 
out. This was an undoubted Streplotlirix without any marked pathogenicity for 
animals. In the second case successful nnaei'ohic cultures were obtained or n 
weakly acid medium. In the third failure was due to the excessive growth of the 
other organisms when the medium was inoculated. In every case cnlturea should 
be grown anaerobically on acid media. 




CONCRBTIOS SBNT ^^ '«■ »H.— SECTIOM OF THE ANAEROBIO CULTUke. 

E BY PKoPBsaoE At the itfiipliery imnieruua sotondary colonies are developing, witU 
Lanob. radiatiDg branulied procesBes. 

I have succeeded in obtaining another pure culture from a ooncretion sent me bj 
Professor 0. Langs (Braunschweig), but its full description is not yel available. 
The culture and a section of the growth are shown in Figs. 63 and 64. 

Daltn has recently succeeded in obtaining cultures from two cases. The fresh 
concretions did not show any globular bodies, but only a. tangle of fibres, which 
branched very sparsely, Dalen only obtained the Slfjitotkrij in deep agar 
stab cultures. Small nodules developed here, and could be further inocuialed for 
two to three weeks ; filaments with sparse branchings also occurred, and in old 
cultures a free polymorphism. Subcutaneous and intraperitoneal injections were 
negative, Dalen did not attempt any further classification of the variety of 
Sireptotkrij! present. - 

Becently the question of whether these are Ltpfothricecr has again been brought 
forward — a return to the views of A. von Qraefe's time, Hirschberg described 
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n case in which Eempner save the diagnosis of Lei'tollirir ; the findings were like 
those of the previous cases, bat do branching could be seen in the fine, alightly' 
coileil QUmenta. As such brsjichingB can be very infrequent in the Streiilo- 
thrict'iF, and may only be obviouB in cultures (Axenteld and Cabn), such an 
observation is not dia^ostic, as the determination of the organism b3' culturea was 
not made, and the iodine reaction ' was not obtained. 

Awerbach abo considered that the diagnosis of Lc/ilntkrir in these cases was iiot 
justified. The same can be said of Piorkowski's record of a case of Segelken'i. 
This author concludes that LrpMhrk'ea cannot be proved to cake part in this 
atfection, especially as in the case referred to radially marked bodies were seen ; 
nor can they be excluded on account cf the uncertainty about the eiact definition 
of the members of this family. Smear preparations made from Capellini's highly 
calcified concretion showed uubranched filaments, which were considered to be 
Leptothrij^ : bot against this view the uncertainty already mentioned must be 
taken, especially as club-sliaped bodies which were taken to be Actinomycea 
occurred. No certain diagnosis was possible in this case. Cultures miscarried. The 
diagnosis of LeptothHi, made from purely microscopical evidence in another case. 
is marked by Capellini witli a query. (Basevi found putrid pus in the lower 
canaliculus; this contained Leplollirij^ besides Pntiimococci and Slaphyloeacei ; 
the diagnosis, however, was not based on any exact grounds. There was no con- 
cretion in this case. The patient had washed his eye in sputum.) 

Cannas contributes an interesting communication regarding this question. In 
the pus from the canalicuh he found, along with bacilli and cocci. spiriUs and 
filaments which appeared to iiim to be fragments of Lfplolhrij. The concretions 
mostly consisted of very fine, long, thickly felted filaments, in which Cannas could 
find neither branching nor segmentation. They stained by Oram's method, and 
were violet on the addition of Lugol's liuid. 

The culture on gelatine after a few days showed, along with other organisms, 
a large greyish-white colony with a notched translucent margin, which, when trans- 
ferred to glycerine agar, rapidly covered the whole surface with a greyiah-white 
membrane. Slow liquefaction occurred in a gelatine slab culture ; in bouillon 
a free deposit occurred after forty-eight hours. Cannas found under the microscope 
typical clusters of Leplolhri^ biiecali', as they occur in teased preparations. Ko 
result on injection into animals. Cannas gave the diagnosis of Lrptothrix based 
on Bobins's researches (1»55|. 

These findings diScr markedly from all the others, and the consensus of opinion is 
that Lejilolhrir does not grow in this manner. The diagnosis of Lepiotlirij- is not 
consistent with a spirilla. Further, this is the first and only occasion of a positive 
reaction with iodine. It i^ aUo remarkable that only a single colony of the variety 
grew. 

Cannas quoted the researches of Majocchi with regaril to the concretions in the 
salivary ducts, and comes to the same conclusion — that the parasitic elements may 
vary, so that we can have (It Leplolhrii^ (2j Htreplolhrii Foertteri, i'A) Actino- 
mijeti. Cannas" results do not seem to me to be at all convincing. 

Lately Awerbach has obtained very good results by culture. In the concrements 
he found globular bodies (' Drusen '), with here and there slight thickenings of the 
radiating lines. There were no club-shaped swellings. Dichotomous division was 
frequent. 

' Tlio icxline rvacCion is admittedly inoonatuut in LeplotkriJ-. According to the oliserra- 
tioita of Frickcr {Zcnl. /. Bait., 1004, ixxli. 366), it only occurred fflii^n a mediilm 
aoDtaiuinff stanih was ui«d. The ooDditionaittnder tFliich the orgiLliiuii ia gton-n certaiulr 
has an inSaeuce on this reactiuu. The most definite characterlitu: of Lr]-lulhruc is that it 
consists of unbrsDched and uuooiled Qlanitints, and this has not Wen found in coucretions 
fi'oni the canaliculi — n1 Itast, uat in those caeos confiiinoil by ciiltuii'S. 
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Only three direct bouillon cultures were successful from all his cnltom; 
tilaiuents which he grew were very similar to diphtheria bacilli (c/. Fig.C 
inoculation under the abdominal skin of a guinea-pig caused abscess fonu&K| 
intraperitoneal injection killed a mouse in eight days ; in one of the m»dn| 
glands and in a nodule situated in the liver typical ' actinomycotic new fonDnED] 
were found, with many granules, presenting the characteristic ' Drusen ' vith d*] 
shaped swellings. 

In another guinea-pig subcutaneously injected the post-mortem section after tkI 
and a half days showed an encapsuled abscess, in which typical * Drosen' ii| 
clubbed ends were seen. Awerbach is doubtful about the diagnosis of Leptofknsi] 
Hirschberg's case, and rightly considers that it was one of ray-fungus infefas. 
But when Awerbach considers all such cases as * actinomycosis,' he could onlyk 
juHtitied were he to use the tenn as a family name ; it is incorrect to speak of ^ 
' ray-fungus ' as one particular organism. 

Zur Nedden's first case only yielded anaerobic cultares at firsl ia 
peptone-glyeerine-a^^ar ; later, however, it grew in other media, aiA 
after repeated transferences, also in aerobic cultures. 

The morphological api^earances resembled those of Axenfdd's 
Case II. Branching occurred, but no club-shaped bodies. On sub- 
cutaneous or intraperitoneal injection it was not pathogenic to 
animals. Under the conjunctiva small nodules developed, in which 
the organisms continued for a long time. Zur Nedden prefers the 
general term SinptoiJfri.r, for the reasons already given. 

In a second case the mould grew aerobically, as a thick brown scum 
on agar, resembling a culture of the rxicillus xerosis. Gelatine, mili, 
and potatoes gave no growth at all. It was not pathogenic for 
animals. The case was characterized clinically by a chronic lid 
abscess, which had developed near the canaliculus. 

In one of the cases described by Morax the cultures were be?t 
obtained under anaerobic conditions and on sugar media. The •:'rowth 
consisted of white masses, slowly increasing; they resembled Fig. ()0. 
No club-shaped bodies were seen, and the "Bacillr riJamcnfrKu' ' branched. 
Growth was obtained cm glycerinated potatoes and in glycerine water. 
They would not, however, grow on acid potatoes, or on carrots, on 
which the other SfrrptotJiricxr llourished. Morax therefore considered 
that they were not Sfnjttothriccd'. 

The inoculation of animals was negative. There was an exudation 
in the anterior chamber after the introduction of large quantities of 
the material, but no organisms were found in it. 

To sum up, we must admit that further exact examinations by 
means of cultures are necehsary before the nature of these concretions 
in the canaliculi can be determined. The polymorphism of this 
organism renders its exact determination very difficult. 

It can be taken as established that several varieties of 'Sfrrjytothricrte 
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Pdo occur. I use the name Stn-piiiihric.f as the family name tor the 

■ ray fungi, to which group the various Actiiiomjcetes belong. In the 

■ eleven cases already cultivated (Kastatsky, Axenfeld, Silberschmidt, 
I Dalen. Awerbaeh, Zur Nedden, Moras, Velhagen) a .S/yrjitnihrii- was 

always jiresent:' the only exception is the case of Cainias, in which a 
1 Leptothrif is said to have been cultivated, though it did not corre- 
f spend to the generally accepted characteriatica of that orgaiiism. It 
I appears probable that a Slrrjitnthrir is almost always present, as the 
clinical appearances are very constant, and the microscopic examina- 
tion ot the filaments in the fresh concretions agree very well with 
each other. Even if in some of the concretions the branching of 
the filaments was not clearly seen, it must he remembered that 
in some cases, definitely dne to the Streplotlirir (Silberaehmidt. 
Axenfeld, Dal^n. Zur Nedden, and Moras), this branching was very 
scanty. It appears iiuestionable whether the Leptntlirir occurs at all 
frequently. 

According to Mertens (Zcnt. /. Dula., 1901, xxix. 650), the 
Aciitioiniices h'tmiiiis sen buns of Bostrom and that of Israel can be 
transferred into each other : it is doubtful how often they take part 
in the formation of a canalicular concretion, although Awerbach's case 
shows that an Ailiiiomijan horig can occur. So long as we have no 
further information abont its cultures — and the above-named authors 
agree in considering that anaerobic cultures will give the most hitor- 
mation — and so long as various questions are still under discussion 
regiirding the .Ictunimyces, the question of the frequency of these 
various S/reiitothricrff must remain an open one. 

In using the name Srreplothnc';c as a general term to include 
various possibilities, I am following the lead of Kruse and others, and 
I do it more readily as in the historical account this name was first 
used. Von Petruschky- and others reject this as a generic name, and 
include among the Streptotbriceie those moulds which do not form 

' Tlie iutrrestilig nudllkr idnucnarlig) ' concrctloHa in the oonjunolivn." <l*soribcd by 
Fuubs and WintsnteiDer lu of frequent occurrence in the conjunctiva, at first give the 
impression that thej tre funj^ massBs {Pilatruttn). nnd certainly thc» ^reUmr nodiilea iu 
the oonjuDctira do have a certain reseniblmnce niacroacopically to aQtinomycosiB. Tha 
wiittni muutjoned bava {jrovsd that these are not pamtitio, Wt are re^Il; (.-oucretioiiii. 
The stout cau he «iid of tha cup which DemielLeri {Ardi. ^Ophlh., IseS, xix. 102, 2] 
wrongly ilcscribed aa actinomyroais. The cawa pitbUsheil nsactinomycoaiKbf ite Viuoentiii, 
von Oeimchan, and MagDani (qnoted bj Ziir Knideu^, on the other baud, record true •mrra 
of actinoiiiycttlii of the conjunctiva. 

Ariinomycft albia, which is oacaaioiuillj found on the coiijanalivB and in lh» laPiTmal 
eac (Cawlis, Bicchi, Goiiibert. Axenfeld), and which iit so naaXj cultivated, \iaa nothioK to 
dci witli theM Strrplolhritea, and Cnzalis is in error in identifying it nith the Slreptothric 

'Handbnch von Kolle und Waaaer- 
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any radially arranged bandies. He prefers to call the whole group 
' Trichomycetes ' (hair moalds). Lehmann and Xenmann call them 
' Oospora/ Bostrom and others consider them as ' Pleomorphic 
bacteria.' 

The important thing to be observed is that the canse of the disease 
should not be restricted by the name applied to it, and that such a 
name should not anticipate facts. If we include the whole group 
under the term Actinomycetes (Lachner and Sandoval), we are quite 
as correct as when we name the disease ' actinomycosis,' and thereby 
at once imply that the cause is the common Actinomyces. Even the 
name Actinomyces is not free from fallacy, for the name implies 
that the mould can produce ray-formations ; it is still to be deter- 
mined whether that is the case with all these moulds. 

It is impossible at the present to decide amongst these hypotheses. 
By careful examination of future cases we can assist in their elucidation. 
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Infections of the Laerymal Glands. 

Except as regards direct injury, the laerymal glands are, from their 
position and by their flow of secretion, especially well protected 
against external infection. Boch^s observations show that occasionally 
'an infection can pass up from the conjunctiva into the gland ; he 
reports partial suppuration of the gland after a traumatic panophthal- 
mitis. When the gland simply swells and does not suppurate, it is 
still doubtful whether this is due to the actual entrance of organisms, 
or to simple vasomotor or toxic swelling. 

A ' trachoma of the laerymal gland ' (Baquis, Annul, di Ottal., 1894 ; 
Ziegler's Beitragc, 1894) cannot be considered to have been positively 
seen. 

Even amongst the cases of isolated purulent dacryo-adenitis, 
many instances may be endogenous. Certainly there is a pre- 
dii^position to many endogenous infections, as, for instance, for the 
unknown agent in epidemic parotitis. These forms of endogenous 
dacryo-adenitis are mostly bilateral, and occur during or at the end 
of an acute febrile condition. 

In miliary tuberculosis the Bacillus tuhercuhsis can settle down in 
this gland (Axenfeld), although in tuberculosis of the conjunctiva of 
long duration such a condition practically never occurs. In experi- 
mental hsematogenous tuberculosis in rabbits Stock found that the 
glands were frequently affected. 

The bacteriological findings available show that in the acute cases 
with abscess formation the Staphylococci^ especially the Staph, aureus^ 
are the most important (Orlandini, Jaum6 ;. the older literature is 
given in these papers). In two cases I have cultivated the Staphylo- 
coccus pyocjencs aureus. In the connective tissues of the gland Boch 
twice found collections of cocci, whose nature was not more definitely 
determined. 

Gasparrini's case was peculiar in that the inflammation was re- 
stricted to the glands of Krause in the lower lid. In the fluid removed 
by puncture he found Pneumococci. Orlandini obtained the same 
result in the case of a patient with pneumonia. This last case was 
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probably metastatic. Calderaro and von Krudener found Strfpt'icoi-nis 
pll"ij'-ii'H and large numbers oE influenza bacilli. Moretti observed a 
suppuration o! the lacrymal gland in erysipelas due to the Strejito- 
f'lcciis. In another case Pes had a negative result. 

In the cases of metastatic goiiorrhteal dacryo-adenitis, which are 
mostly double-sided, abscess formation as a rule does not occur (see 
the literatui'e on this point in the paper by Pes). In the conjunctival 
secretion of these cases Gonococei are not found (Casali, Eteviant, 
Giani). 

Metastatic dacryo-adenitis in intiuenza is reported by Wicher- 
Uiewicz {Antonelli, .SW. i->i<»v 'I'Ophth.. 1905). There is no record 
given of the bacteriologtciil findings. 

According to the experiments ot Valude, De Bono, and Frisco, the 
lacrymal gland has a comparatively great ret^istance against experi- 
mental inoculation. When bacteria enter the gland by way of the 
blood-stream, according to the Italian authors, they very rapidly show 
signs of degeneration. Preaumtibly there is no passage of the bacteria 
along with the tears. 
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CHAPTER VIII 

THE CORNEA 

Certain precautions, which have been stated on p. 8, should be 
taken when we collect material from the cornea for bacteriological 
examination. I would again mention that the causal organism may 
escape demonstration on account of its deep situation, as in the 
case of purulent infections certainly due to organisms. In these 
cases we should not scrape very deeply or firmly. 

As in the various forms of conjunctivitis, so with regard to the clinical 
appearances of corneal inflammations due to organismal infection, no 
absolutely distinct bacteriological types exist. Here, as in the other 
situation, variations in the susceptibility, the resistance, and the power 
of reaction of the tissues, the nature and the depth of the injury or 
epithelial lesion, along with the numbers and the virulence of the 
bacteria, influence the clinical appearances, and can modify the 
symptoms to a varying extent. 

Notwithstanding this, it has been established in the pathologj' of 
corneal inflammations that the cause of the infection and the clinical 
appearances, to a certain extent, do correspond ; as, for instance, the 
Pnrumococcus most commonly produces an ulcus serpens, the Zur 
Nedden bacillus appears in the form of an infectious marginal kera- 
titis, etc. Just as in conjunctivitis clinical diagnosis is the most 
important, so is it here in the cornea. And for exactly the same 
clinical reasons must it be supplemented by bacteriology. One and 
the same infiltrate may have a different prognosis, may require a 
different treatment, and present different indications for treatment, 
according to its bacteriological etiology. 

By this I do not merely refer to the attempts at a serum treatment 
for the ulcus corneas serpens. These attempts have so far led, in 
only a very limited extent, to anything of value in dealing with 
the fully-developed disease.^ The determination of a pneumococcal 

^ Of. Axeiileld, ' 8cruiiithcm|>ie InfVeti«»ser,* etc. 
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infection is also of value in those cases n'here the une of senim haa 
not yet been considered as of value. When an atypical infiltrate is 
present, it will determine whether the condition is dangerons and 
requires immediate surgical treatment.' 

When I>ipl«li<i':illi are present, the case is quite different. Even it 
a severe purulent jjrocesa occurs, treatment by zinc properly applied,'^ 
and combined with other measures of a conservative nature, will 
almost invariably lead to a succesBful result. I have never seen a 
ease of diplohacillary infection of the cornea which we have not been 
able to control by this means ;■' though amongst my cases there have 
been some which appeared too far gone for even an energetic cauteri- 
zation, and in which, on account of the size and central position 
of the ulcer, a Saemisch section would have resulted in extensive 
adhesion. 

These are examples of purulent cases, and in them a method of 
treatment based on etiology is especially valuable and necessary, on 
account ot their dangerous nature. 

Even in the case of the non-purulent or ' simple ' infiltrates and 
ulcers, a bacteriological examination is often of considerable value. 
Between the 'simple' and the purulent caaes there is no sharp 
dividing line. The severe purulent cases often begin as simple infil- 
trates. It is very important to establish the cause in the early stages 
ot, lor instance, a wound keratitis after a superficial injury ; we then 
know what we have to deal with. Cm account ot some peculiarity in 
the cornea, or in the situation of the ulcer, the clinical appearances 
may at first be mild, and in the end malignant. In these cases, which 
at first are mild clinically, I have been able to convince myself 
that the virulence of the organism — c..'/., the I'lU'inwoifriig — was high, 
and that on account of immanity, or some refractory condition of the 
cornea, this high virulence did not show itself. 

A bacterial diagnosis is often of value in many of the cases which 
are non-purulent during their whole course. In these ' catarrhal 
ulcers,' or marginal infiltrations, the hiplohavilH play an important 
part ; and the correspondmg cases are very amenable to treatment 

' (labrieliilw! cOiililb. Miproliiulndcjui..,- IHOr, p. 254) rw.ijmnK.mle.! u |-...iiliar imtnient 
fur pnnilcut iiloera of the cornea. Haviug oLaar™! tliat bilo hsd a bacteriolytic iictiou on 
the Pueiimoeocei, and that tliPM oi:ganiiim» did not grow an media which' conlaiu this 
snbstADCe, he freely ajijilied to the comen ■ sterile solution of sheep's and rabbit's bile (along 
with hot o(Hiipre»es and ioduforai)- and obtaiued f/xA resalU. Morax hat lat^lv [nsdi> a 
similar report concerning the action of rabbit's bile (Congr. de la Soc. frao<;. it'Ojihth., 
1B07). 

> Our technique i» siren in the work of AKricola. A", .V,/. A., 1906, Beilaueheft, nnd ii 
the sectinn OB ■ Dij - - - - ....... ■._-..-- --.- 

' See Agrioola, i 



802 BACTERIOLOGY OF THE EYE 

with zinc, even when there is no marked conjunctivitis present. They 
are very difficult to treat in any other manner. 

In a simple keratitis much valuable information can also be ob- 
tained. We will not go so far as to say that every corneal infiltration 
must be examined bacteriologically ; that, indeed, would be hardly 
possible. But in very chronic cases and those which precede sup- 
puration, or show a very markedly infiltrated border, a bacteriological 
examination can be thoroughly recommended. When such an 
infiltrate is centrally placed, we should not be so free in taking 
material from it as from peripherally situated lesions. The 
pupillary area of the cornea should not be injured. If all precau- 
tionary measures are taken, we should not have any great anxiety. 

Scrofulous keratitis should be mentioned amongst the cases which 
are negative bacteriologically. This affection is considered b^^ many 
to be a staphylococcal infection (Bach, Straub, Zur Nedden). Further 
research is necessary to settle this question. Keratitis fasciculosa, 
with its creeping character, proves to be a progressive infection of 
peculiar type (due to the tendency of scrofular patients to the forma- 
tion of vessels) ; in such cases I have often found the Pncumococcus. 
Addario occasionally found the Staphylococcus, and Macnab the Diplo- 
haciUus. Xerose bacilli have been found in simple infiltrates and in 
sluggish ulcers, but these were secondary, and with no etiological 
significance. Even in a case like that of Besio (Annali <1i Ottal, 
1900, xxix. 626) the significance of these bacilli is doubtful. 



Purulent Keratitis. Hypopyon-Keratitis. Ulcus Corneae 

Serpens. 

Purulent keratitis, on account of its clinical importance, very early 
attracted the attention of the bacteriologist. At first experiments 
were chiefly directed to the determination of the action of the best- 
known pyogenic organism, the StapJiylococciiSj in the production of 
inoculation keratitis in rabbits (Leber, Strohmeyer, Hoffmann, Hess, 
Fortunati, Silvestri, etc.). These experimental investigations, of 
which those by Leber were the most conclusive, have furnished much 
information regarding the development of an infiltrate, and especially 
of a hypopyon.^ This information can be applied in general to 
hypopyon-keratitis in man, although it has been established that the 

^ Afcnidiii;^' t(i L«'l»('r, the liy],M»]»y(iii is fnu<'«'(l l>y the toxic clu'iiiicnaxis (»f the <»ii^jiiiivjns 
in til'' coriK-a ; it i*^ tlicrd'oie stciilc until tlu- «-.»in«a i^^ (•(•iiiphtcly }«'il\>iatc<l, ovoii^thoii"!- 
an »'ai 1 y jn'it'<.'ratit»n ot" l)i"^(Mni<t"> nionilnanr has oci-iuird. 
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most common cauBe o( that condition in man is not the Stai'hiflu- 
merits, but the Fraiikel-Weichselbaum I'li'iniiunimiK. 

The earliest researches by culture into the cause ot purulent kera- 
titis did not show this organism, but either gave a negative result or 
showed StapkyhiiiK-ci and Streptococri. This was due to the same 
cause as interfered with the etiological study of conjunctivitis and 
many other infectious diseases — namely, that the highly susceptible 
Piiriimofocci were only demonstrated when better methods were avail- 
able. In many of the earlier works on this subject an immediate 
slide diagnosis was not made. In the corneal pus the encapsulated 
lancet-shaped Diptocoeci are very clearly seen. Widmark and PHuger 
certainly described appearances which may have been due to the 
I'lieiimm-iwcux, but their exact significance remained unknown. 

At the end of 1893 Gasparrini pubiialied ii puper on the ' Signitit-anoe of the 
PoeuiuococoUB in Opblhalmology,' in which, heaides giving the results ot his 
experiment!! i>n luiimals, he reported havin<; cultivated the Pneumorocvut from 
several cases of hypopyon -keratitis, mostly in a pure condition. These observa- 
tions were conBrmed njid amplified by Basso and Guaita. 

Completely independent of Qasparrini. Uhtbolf and Axenfetd began a research 
on this subject in 11:^2, and published their results in 1894. They also found a 
remarkable frequency of the PneuiiwroceiiK. In their tiionograpli in the year 1890, 
in which they reported a series of fifty cases and a number of anatomical investiga- 
tions, they showed that the bacteriological finding of the Pneumoetiecit corresponded 
I J that formot hypopyon -keratitis known as ' ulcus corneie serpens,' an ulcer which 
is characterized by a surface spread especially in one direction so as to form a pro- 
gressive yellow margin at the same titne as it is cleanini; and being covered with 
epitheliuiu from the other aide. In the rarer cases which do not present this 
iippearance. but that of an ' atypical hypopyon-keratitis,' with a rapid spread deeply, 
other pyogenic organisms {Staphylococci, Streptococci, and pyogenic bacilli! are 
fuund: and in tliis group of the n on -serpiginous forms ot hypopyon-keratitis we can 
diflerentiate sharply an etiologically distinct group^the mould keratitis, or keratitis 
aspergillina. 

t-'htbotT and AienFetd concluded their article by stating that variation <A the 
virulence and number of the organisms, the condition of the aiduti (t.c, the pre- 
existing condition of the corneal, and the depth and extent of the original injury, 
could cause considerable variation from the typical appearance. Since then they 
have reported on a further series of sixty-eight cases. In this series they showed 
that the condition known cliuicatly a^ ulcus comeie serpens with the exception 
of one case due to Diptobacilli (probably of the Petit type : viile infra} was always 
produced by the Pneumococctit. But they also found, as a matter ot tact, that 
a number of the cases ot pneumococcal infection presented an atypical appearance. 
And for these variations they adduced a number of special reasons. 

Deep wounds {e.g.. after cataract operation) when they suppurate show by their 
appearance that the whole thickness is atfecteil, and when the site of an infection ii 
at the vascular limbus ot the cornea, the action is modified, as Bitch has shown. 
The \ ascularization ot the cornea, which takes place, tor instance, in pannus 
trnchomnlous, furnishes a powerful resistance to the infection, and in such cases ve 
find pneumococcal infection taking on the form of a simple infiltrate, without any 
dense progressiva border. 



L 



304 



BACTERIOLOGY OF THE EYE 



Augstein confirms this, and states that an ulcus serpens with Pneumococci is 
very rare in trachoma, even in cases with dacryocystitis, although in these patients 
epithelial defects, both traumatic and spontaneous, frequently occur. Augstein 
considers this as proof that trachoma, or rather its causal agent, must have a direct 
antagonism to the Pneiimococcus, His view is not based on adequate grounds. 
What, then, is the relation between the Pneumococci in the sac and on the con- 
junctiva and the trachomatous process ? The irregular epidemiological distribution 
of the affection shows that other factors may possibly be the cause of the infre- 
quency in Egypt of pneumococcal conjunctivitis compared to other forms of 
infection. In Italy Gasparrini and others have shown that it is very often 
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1 IG. 65. — Uhthoff and Axenfeld : rNEUMOcocci FROM Ulcera Serpentia. 

Variations in Form. 

1, Pus from the infiltrate in a rabbit's cornea after inoculation, showing i»hagooytes and 
involution forms; "2, agar culture (jture) from an ulcus serj>ens — {a) typical Jh'ph^ t.nri^ 
{!)) involution forms with short chains, {c) pronounced bacillary ty]>e ; 3. chain- 
iormation in a bouillon culture ; 4, unusual formation of capsules and chains in agar, 
tyi)e resembling the Sfn'iffoojtras i/ntcosna. 

a coinplication of granular ophthalmia. And it is quite possible that vascularity 
of a pannus and cellular infiltration of the cornea may prevent such infections, and 
perhaps render them innocuous before they have been able to produce the disi'ase. 

In scrofulous persons with vascularized cornea, as I have twice been able to show, a 
pneumococcal infection can produce the appearance of a keratitis fasciculosa — a snail- 
track ulcer. This y)ecuHar form of keratitis in scrofula is similar to ulcus serpens 
in its method of advance hi one direction, but ditVers in the absence of a hypopyon, 
and in its invariable bonign course ; it never takes on a severe destructive character. 
Both facts can be explained by the great tendency in these eyes to the develop- 
ment of vessels. A phlyctenule either of the limbus or of the cornea may become 
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i the margin ; the 
rnea ; llie progrees 



infected willi Pueumococei. This would esplni 
iuiuied[a[e formalion of vesseU iucreaaea 
la therefore centripetal and superficial. 

The bacteriological Atiding^ in eaaes of keratitis fasciculosa are not uniform. 
Addario found SlaiiliylotMn a few times; A. Macnab, Diiilobaeilli. Further 
eximiinationB are neet'saar.v. and tor this we must false materiiU from the vexy apex 
of the creeping band, and it ntust be scraped out. or otherwise the coDlaminating 
organisms which lie on the surface can casilj cause confasion. 

In the literature there are a number of other atypical oases (not superficial) 
described as due to the F'nefmocorcn^ (E. von Hippel, Doetsch, Petit. Ilerlel. 
Holden, Uoch, aud Neumann;. There are also those cases oE perforative 
keratomakcia in luarasmic children, in whicli rhtboET and Axenfeld have found 
Slreploeoi^ci ; Loeb, Fneumobacitli ; Frankel, Franke, and Scbanz, Staph, p'jwj. 
aiiretu; and Macnab, coli with Gonococci. 

In these children the rapid penetration of the cornea by the Pneumoroi-ciii can 
be understood when we consider how the lowered general condition of the body 
reacts on the resisting power of the lisaiie!) — -a reaction known to occur in diaeoses 
of the cornea, Similar conditions obtain when infections of the cornea are added 
to severe conjunctival aB'ections (gonorrhtea, diphtheria). 

Since then further research (Secondi, Cuenod, Dach and Neuniann. Panas, 
Hertel, De Schweinitz. Vossius, Petit, Doetsch, Kibbe, ^'allaude, Velhagen, Riimi^i*. 
Horsmann MacNab, Angus Macnab, Paierson, Calderero, Zur Nedden, Schmidt, 
Salvanescbi, Tertsch, Morales ') has shown that the ulcus serpens is pre-eminently 
an infection with the Pnrumociiccua, and that an early infiltrate which contains 
i'Heumoi-ocri will, it it continues, develop into a serpiginous ulcer. 

There ore exceptions to this rule. In three cases Petit found a pecuUor bacillus 
which closely resembles the Morai-Axenield bacillus, only differing from it in some 
of its peculiarities of gron'tli (fide infra). Since then Macnab and Agricola ha\e 
reported coses in mj cUnic. and Erdmann, Kochat, Paul. Augstein, Benedetti, and 
McKee other cases, in which such bacilli were found ; in some of them the Morax- 
Axenfeld bacillus, and in others the Petit type. Alter the Pneiiinococei the next 
uioat frequent cause of an ulcus serpens is the JHplobacillus. On close examination 
the majority of the cases which 1 have seen showed not only a serpiginous edge, 
but also a marked and often deep infiltration of the base of the ulcer. 

In my last eighty cases of hypopyon -keratitis tifty-liie were caused by Pneuino- 
cofci, and these were all ulcera nerpentiii ; of the twenty-five caused by Di}ilobacitli, 
about half were serpiginous, and to some extent showed a definite infiltrated border. 

Gourfein records the occurrence of Friedlitnder's bucillue In typical hypopyon- 
keratitis. In this connexion (lourfein holds the view that it ' 
special activity of the Piieiiiiiococcu* that it is so often found ii 
but from the coincidence that it is the most frequent organis: 
injured cornea, its frequent presence in the ulcer being due 
pus from the lacrymal sac and on the nonuid coiijunctivn. 
and the other suppurative organiaois have the same relation ti 
aiices, only they do not occur so frequently in the immediate i 



t because of a 
n an ulcus serpens, 
I ibe vicinity of the 
,s prevalence in the 
The Pneiimobacilh 
a the clinical appear- 
iglibourhood of the 



This question is of vital importance, '\Mien we consider the available facts, 
appears that Oourtein's opinion is not justifiable, although it is quite 



the 



' lu Murales' case we find .V rr/ilodnxi very frequoully ruciinled as occurring witli 
Faeaiiiocoai. It is not quitu civsr nrhcther this n uot merely a culture diHttreutial 
diagnuais (r/. ji. 183). Il is rjuestionnhli whether the Friedlondar Bipl^A-irillwi which he 
foaod in so nutuf casca was not Ilie Morax-AxeiitEld or Petit bacilhu. especially as diplo- 
bacillary cases are not racorded to have occurred in tb« whole scries. 

20 
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Pnenmococcus is the most common organism in contact with the injured cornea 
for in the first place UhthofT and Axenfeld have shown, and Roiuer has confirmed, 
that in those cases in which other pyogenic organisms were present along with the 
Pneumococci in the pus from the sac, the Pneumococcus alone was constantly present 
in the ulcer — a proof that either the Pneumococcus has a peculiar affinity for the 
cornea, or that in a mixed infection it will completely overgrow the other organisms 
present. It has also been established that in those cases which do not contain the 
Pneumococcus, but in which other organisms {Staphylococcus^ Streptococcus, 
Bacillus 2^yogen€s foetidus (UhthofF- Axenfeld), Bacillus pyocyaneus^ ozena 
bacillus, Bacterium colU influenza bacillus (Doetsch and Zur Nedden), have been 
found, the appearances were not those of ulcus serpens, but of an atypical hypopyon- 
keratitis, even though the determining cause of the infection (the small superficial 
wound) was the same. Such records appear in the works of the authors 
above quoted, and also in those of Kalt, Morax, Coppez, Zimiy Hori, Schim- 
melpfennig, in such numbers that there can be no doubt that the other pus- 
producers — with the exception of the Diplohacillu^ — only in exceptional cases 
produce a serpent ulcer typical in every respect.* Zur Nedden*8 results prove that 
such exceptional cases do occur ; he found a pathogenic Suhtilis in two cases of 
ulcus serpens, and from another he cultivated the Streptococcus, Kruger and 
Hanke in single cases found a bacillus like a proteus ; Bach and Neumann found 
short rods, which were not fully identified. 

It is no idle question to ask why, when they settle down in a super- 
ficial wound, Pneumococci have a tendency to this superficial spread, 
and that, too, in one direction ; whilst at the same time the part first 
affected is so rapidly cast off with the formation of fresh epithelium, 
that the healing process is at work close behind the necrotic spread. 
Uhthoff and Axenfeld have shown that the Pneumococcus in the tissues 
of the cornea, just as in culture, rapidly loses its virulence when accu- 
mulated into dense masses. The organisms are then cast off, and cannot 
penetrate into the deeper layers of the lamelhu, though they are still able 
to find their way in the horizontally arranged lymph spaces. Eomer 
does not put this influence completely aside, but he considers that the 
changes in the affected tissue are due rather to the fact that they have 
become more susceptible to the fermentative action of the leucocytes, 
and can be thus cast off. The details of how this occurs cannot be 
determined in every case. 

Uhthoff and Axenfeld have shown that the Pneumococci are most 
thickly intermingled with leucocytes at the progressive border. 
Enormous numbers of phagocytes are often found here. This is 
clearly seen in Fig. (JO, and is taken by Doetsch to be the explanation 

' On closer oxamination I lind that two of Goiiifein's three cases did not exactly 
coiTcsiiond to what we call llrux rnrdcr arrp' ita. in that the hase of the ulc-er was purulent. 
and the suiiortioial spread was not very d(!tinite. In the cultures from one of the i.ase3 
J)lpltn:,H-rl were found growin.Lj in diains, but not ]mthogcni<- in animals ; this is often the 
i-ase with Vn-n ,,).**<■'><■<•'(. (iourfein does not say whether the serretion was taken from the 
niarj^'in, a precaution necessary in determining' the organisms present ; he only speaks of 
' Sf'crL'tion prise sur TuUvre.' 
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why the organisms are often only to be demonstrated when the 
material ia taken from the deeper layers. 

To facilitate cultural diagnosis, Rijmer recommended that the 
Pnnimococci should be augmented, so that smaller numbers could 
be more readily seen ; he did this by cultivating the materiiil in a 
bouillon, to which one-third of its volume of sterile rabbit s serum had 
been added. 

Lartje numbers of phagocytes have been foand in severe cases, justi- 
fying the opinion that in this process, juat as in fatal eases of pneumo- 
coccal meningitis, large numbers of phagocytes may be found. The 



fe 



possibility, however, cannot be excluded that active I'lifiunococi may 
have spread into a part of the cornea which until then was quite 
healthy. Zur Nedden states that after a Saemisch section he found 
the healing process going on parallel with the phagocytosis. 

The beneficial inHuence of paracentesis in the course of an ulcus 
serpens certainly depends on the fact that, after the rupture of 
Descemet's membrane, bactericidal elements can freely pass forwards 
at the same time that the nutrition of the cornea is improved. The 
I'nruniocofri then rapidly begin to show marked involution changes, 
and cultivations can only be obtained for a short time. The punilent 

20—2 
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border then disappears (according to Saemisch, this begins at its upper 
edge), and the ulcer clears. 

(The common histological peculiarities of a purulent keratitis in 
man will not be discussed here.) 

It is a peculiar fact that a typical ulcus serpens has almost never been found in 
a child. Augstein described a typical case with Pneumoccoci in a child of six 
years. The chief reason for this is that lacrynial troubles are much rarer in them 
than in adults. Whenever pneumococcal infection of the cornea has been observed 
in children it has taken the form of keratomalacia, and has occurred in ill-nourished 
infants (E. von Hippel, Knaebel, Braunschweig, Doetsch, Macnab^) in atypical 
ulceration after measles (Hertel), with an exceptionally severe conjunctivitis in the 
new - born (Gasparrini), or in very severe pseudo - membranous conjunctivitis 
(Beckers). 

Duane and Hastings state that Staphylococci are especially important in the 
ulceration of the cornea which occurs in catarrhal conjunctivitis. There is no 
proof that such is the case. 

In an ulcus corneee serpens the Pneumococcimostly lie in the yellow 
progressive margin, amongst the infiltrating leucocytes. If material 
be taken from this situation, they are found in the smear iii large 
numbers, and with evident capsules. The cultures are characteristic 
of the Pneumococci found in other places, and agree with them in every 
respect; there is the same difficulty in their culture. Their patho- 
genicity is generally not great in culture. Uhthoflf and Axenfeld came 
to the conclusion that a diminution of virulence must be presumed to 
have occurred in these pyogenic Pneumococci. Romer agrees with 
this for the majority of cases, but considers that the factor of adapta- 
tion must be considered. 

The final proof of the identity of the l^ncvmococcus of ulcus serpens 
with that of croupous pneumonia is furnished by Eomer, who suc- 
ceeded, by the action of the first organism, in making susceptible 
animals immune to the latter. 

A keratitis can be produced in the cornea of the rabbit, the intensity 
of which will vary, according to the quantity and the virulence of 
the material introduced, from a severe hypopyon-keratitis to a 
simple infiltration (Gasparrini, Cuunod, Uhthofif and Axenfeld, Bach, 
Noeldeke, De Schweinitz, Veasy, Augstein); a typical ulcus serpens 
has never been produced. Uhthofif and Axenfeld once obtained a 
peculiar interstitial ring infiltration, but this was not typical. On the 
other hand, Komer obtained a typical ulcus serpens in apes. 

Eomer has undertaken comprehensive tests to produce, by means 

' III liiauu^'liwt'iL:"- aii<l in Ductscli- cases stiij,],,iJ>» ■>'-, 1 and St ,•> jtfi,»\M-ci wvv^ aU'^ 

JtlCSCllt. 
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of subcutaneous injectioiiM of pneumococcal serum, an immunity 
against the ulcus serpens; be also attempted to show experimentally 
whether a general immunity could occur from an ulcus serpens. Such 
was not the case to any appreciable extent. 

Ulcus serpens, and, indeed, any severe corneal infiltration, is rare 
in pneumococcal conjunctivitis. Cases have been described by Petit 
and Hertel. Gasparrini reports that he has often seen slight (catarrhal) 
marginal ulcers ; this has not been the experience of Axenfeld, Junius, 
and Gifford. 

It is only in very exceptional cases that the object causing the 
injury also carries in the infection ; affections of the lacrymal sac, 
contaminations with sputum,' etc., are the most common infecting 
agents. In many cases, perhaps, the cocci normally present on the 
conjunctiva may have some action. A lesion of the epithelium is 
necessary for the occurrence of the infection, as the Piu-iimococci 
cannot, like the diphtheria bacilli, loosen the epithehum by the action 
of their toxins (Coppez). So that we may see a cornea bathed for 
years in laerymal pus rich in I'm-umucucci without any damage, until 
an epithelial lesion is produced by an injury, or in some other way 
U-.ij.< by a herpes). 

That peculiar infection of old adherent corneal scars, which often 
progresses rapidly into the interior of the eye, has been shown by the 
researches of Wagenmann, confirmed by Terson, Dolganoff, and 
Sokolow,' to be o! ectogenous nature. The infection &nds its way 
into the scar through an epithelial defect. In sections of such cases 
Wagenmann demonstrated I >iploi:«tii and chain cocci most frequently; 
by cultures I have most commonly found Strrpiucoeci and Piuumococci. 
Terson records pHcumococci. 

Id a few isolated eases of purulent keratitis, the BacUbta pyocyaneua 
has been proved to be pathogenic for the human eye. The cases 
recorded by Gallenga, fiietti, Macuab, l>e Berardinis, Szczbalski, 
D. Smith, Callan, and A. Ewing, were obviously due to very virulent 
bacteria ; in them an extensive necrosis of the cornea was very 

' Hutts condacted experiiiieiiU in Uhtliotr'n Inliorstory Co determine the action of 
a[iutiim on BU|iorfitial corueal iajuvies id rabbits. A hypopyon -kern I itiB only oceurrpd 
whtn a iioDket liad been made ; it never occurred in a {lerrorating wound, and only onc« in 
a luiierficiBl crouon. The inrectinninru of the «putum i-aried, and the organiiiins present 
in the eoineal ulcen rihed: in 3(j per cent. Fncuiiiocacei, in 5S per ceut. Ulrt/itiiaiai, in 
30 jwr cent. SriiiJii/loairri occurred. Mixed infection ooeurrod with eoniparativH fi^jnency 
in these ex}>enmenta. Doetuch cousidera that infeotion from sputum is rare, espcci&lly 
li'oti] the uontumination of haiidkcriL'hiefB, etc, and iu thoM c*K4 ulicre a corneal iiilec"^ — 
occuni M-ithout uij tuui aiTrclion or conjnnctivitia, he icoutd consider the oondiUon I 
due to the oocssioiul oocurtunee of /WuMiocwei on the healthy conjunctira. 

' A. f. A. , 1903, xlvii. 361. 8m the literature here. 
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evident, and the base of the nleer was covered mth the neeratie 
debris of the corneal lameUa. The process can take on fcheform of a 
ring abscess (vide infra). The toxins from the cornea so set <m the 
tissues around that the conjonctiva balbi may swell and give flie 
impression of a panophthalmitis before the deeper parte of the Titreoni 
are sapporating. This is due to the free formation of toxins. Sli^t 
cases may also occur ; according to Herbert (Bombay), a Ppoejfanewi 
obtained from a slight case of keratitis, when inoculated on to tbs 
conjunctiva, produced small abscesses and a superficial keratitis 
without any deep destruction. These experiments, i^ith those of 
A. Ewing, diow that many strains of Pyoeyanew can have a patho- 
genic action on the unwounded conjunctiva, and from there mb 
attack the cornea, first through a digestive action, then by infectkm; 
a PyocyaneuB conjunctivitis has been described by G. S. Derby. In 
the cases of severe keratitis quoted above an injury could not be 
proved to have occurred in every instance. 

According to Ewing, a single inoculation with this organism pco- 
duces an immunity against renewed infection in the cornea lasting for 
six to eight weeks. 

The BsdUns Pyoearauens (baoUlas of green or bine pus) (Pl«ki m.. Fig. IV.).'- 
A imall slender rod, approximately of the same length and thinlmei as the Koch- 
Weeks bacillus,^ either single or in pairs, and in cultore forming long ^lamenli; 
Gram -negative. Freely motile, with a terminal cilium. Grows as a faenllatin 
aerobe on the ordinary media even at room temperature. Hapidly liquefia 
gelatine, causing green fluorescence in the neighbourhood of the growth. BoQiIl0D 
becomes cloudy and stains a yellowish-green. On agar a whitish-grey scum formi, 
the medium becoming green to a variable extent and shade ; glycerine agar becomet 
dark blue. On potatoes the growth takes the form of a thick scum, yellowish-green 
to brown in colour. Blood-serum is rapidly liquefied. 

The pigments formed are : (1) pyocyanin — blue, soluble in chloroform, and thui 
easily extracted from the medium ; (2) a pigment insoluble in chloroform, and of 
a greenish fluorescence. The formation of these pigments is influenced by tht 
nature of the medium. 

The differentiation of the two varieties (B. pyocyaneua, a and /9) is now generaDj 
given up, as a definite separation is often imposbible. 

Many strains of the Pyocyanetis freely form toxins, which pass out into the media 
Babbits and guinea-pigs are very susceptible. Wassermann states that both sd 
antitoxic and a bactericidal immunity can be produced. The latter is so inteoM 
that the Pfeiffer reaction (as iii the case of the cholera vibrio) can be obtained in 
the abdominal cavity of the immunized animal in a very short time. 

Virulent strains have a powerful necrotic and suppurative action (Sattler) in the 
eye, especially in the vitreous, but also in the anterior chamber or the comea—io 

* Seeing that the Koch- Weeks l)acillus can only infect the cornea iu the coune ol * 
typical conjunctivitis, and even then almost never causes a purulent keratitis, Mich • 
finding in the cornea as is shown in Plate III., Fig. 7F., with a hyiioityon -keratitis a* 
once raises the suspicion of Pyocyancus. It can easily be ditFereiitiatea*from the otbtJ 
oi-ganisms which produce this condition (cf. the plate). 
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muoh 80 that Herrenheiser places them at the head of the pyogeoic organisms in 
the eye. Thia ie only true for individual strains. 

(Further records' are furuiahod by Sattler : ' Pa □ophthalmitis after a Perforating 
Wouud'; Toraon, 'In Dacryocystitis'; Schanz, "In Traumatic PanophthBlmitis.' 
lu these- cases also the remarkable distant action of the toiiin was recorded : in 
a circumscribed abscess of the \itreous the appearance of a complete panophthal- 
mitis can be produced.) 

In experimental researches regarding; the production of metastatic inflammations, 
the Pi/oeyaTieus has been extensively used in the pathology oE tlie eye. Panas and 
Moll have shown that Pi/oct/aneue will readily settle down in the eye from the 

Stock regularly obtained metastases in the iris, which, in spite of the virulence of 
the bacilli, healed spontaneously. He also obtained a benign spontaneously healing 
cUoroiditis disseminata (vide Stock, K. M.f. A., 1903, Bd. I., S. 118). 

According to Fucbs,- a Eo-called rlngf abscess of the cornea is caused 
by a very severe bacterial toxic action from the anterior chamber in 
cases of injury or metastasis. From the anterior chamber of an injured 
eye with a ring absceas Hanke cultivated a bacillus which on inocula- 
tion into the cornea always produced a ring abscess, and which he 
regtirded as bearing a very close relation to the Barillui protrun 
tliiorrsc'iis." Macnab, working in my laboratory, proved that the 
bacillus of Hanke belongs to the I'l/oci/aneus family, as it formed the 
characteristic pigments (the chloroform extract gave the blue pyo- 
eyanin). The I'l/ociianeus is a very powerful toxin producer, and 
therefore is very prone to the formution of extensive necrosis with 
final ring abscess. Hanke's contention that the separate identity of 
his biicillus and the Pyocyaii'-ns is obvious from their different patho- 
genic actions is not convincing. Even though he was always able, with 
ail old culture of his bacillus, to produce a ring abscess, — which was not 
possible with a fresh Pi/'yciian'-us,~~hiB argument is invalid, because 
the toxic activity of the Pyncyaniius varies very much, and in no way 
de{iends on the age of the culture. Other organisms may cause a 
ring abscess — for example, Slaplii/lococci, Str.'iitococci, and Pneiirnococci, 
acting from the inside of the eye. The latter of these organisms was 

' Haab, .,*. / tt, 1897. xliv., I., n. 201. Hcmihciser, Pra-jtr Zrii. /. Hrilhi^uif., 1893, 
zvi. S>ttl«r, 'Vcrhondl. der Heideloerger opiitb. Verssoimhuig,' ISS'2, p. l&d. Gsilenga- 
Bietti, Ann. di Ottal., 189W, xxviii. ; IBOB, xxxir., Nua. 11, 12. Herbert, Oiihthalniic 
Bttview, 1001. p. 345. Schmidt, A. f. A., 1902, ilv. 79. Du Berwdinis, Ann. di Ott'tL, 
1H03, xUi. 789. Schanz, * Die Bokteriea des Auges,' UDterrielitstar«Iii von ILtgnas, 1897, 
t»)ct. Teraon, in Jatdin's Thix dc Paris, 1895. Derliy, ' Pyoeymeaa Oonjunetiritis,' The 
Amerirsii Juar. of Ophth., 190S, So. 1. Smith, Dorland, Arch, of 0|>hth., 190(i, xizv., 
■Ni^rotio HyiwpyoD-Ifuratiti)!.' Callan, T. Anier. 0, 8., 1906, i.. 201. Ewiog, A. E., 
■ BucUtiia pipKyantui in the Eye ; its Longevity, and Imiuuuity from it,' T. Anier. 0. S., 
IWOB. p. 204. 

- A.f. v., 1003, Ivi. 1. An exact pothological aoeount of the ring abscess of tho cornea 
can be found here, aud also in the work of Morax (Anji. Wkiil., 1904, cxxxii 409). 

' According to Bimcka. the Sac. jiuar, HquffarUiis is closely sUtt'd tci the PgocyatKiu 
[Zrnl./. Bail., 1898, xiiv. II). Lehmtum-Nemuaim places it in tlio /^oq/iinfus group. 
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found by Moras and Axenfeld in a case of ring absoess in a metufaitie 
ophthalmia^ bo that from a bacterial point of view a ^ ring abseeas * ii 
not a definite infection. Stower^ found a Oram-negative bacilliM of 
the ProteuM type, which did not form pigment; an ezaefc enltnnd 
determination was not carried out. 

In diphtheria the Bupporation of the cornea is prinoipaUy doe to the 
pyogenic organisms ; the diphtheria toxin prepares the way tor their 
action (Ck>ppez). The diphtheria bacilli can caase a neerosiB. bat not 
a sapporation, in the cornea.* Similarly, secondary infeofcionB play an 
important part in gonorrhceal affections of the cornea* fhonigh the 
Oanococei can caase a suppurative destruction of the eomeay and even 
find their way into the iris (Dinkier, Morax). The exceptional aeverity 
of gonorrhoeal infections of the cornea is emphasized jby Boiler 
(Palestine). 

Augstein has undertaken a systematic examination of simple infil- 
trates of the cornea occurring in cases of trachoma. In the large and 
small grey infiltrates he almost always obtained a negative result 
Thirty-five nlcers were examined ; Pneumococci were found in abun- 
dance in four cases which were not ulcera serpentia, and which soon 
healed with the customary treatment for granular ophthalmia. In 
one case Diplobacilli were found, and in ten the Bacillus xero$U ; in 
eighteen cases the findings were negative, though the oloers were 
deep and severe. The negative cases, amongst which those with 
the xerosis were included, were considered to be due to the action 
of the trachoma virus. The fact that the Pneumococci in these 
four cases did not cause any difference in the appearance of the 
ulcers is due to the increased resistance of the cornea in this disease. 
Amongst the rare cases of ulcus serpens in trachomatous patients, 
some were very mild in their course, even when there was no pannus. 

Infection of the cornea with the Koch-Weeks bacillus, fully de- 
scribed in the monograph by Petit, occurring in cases of conjunctivitis 
due to this organism, does not, as a rule, take on a purulent form ; it 
remains superficial.^ It is very rare to find these organisms alone in 
a severe corneal suppuration. A few such cases are given by Petit 
and by Butler. The infiltrates are most commonly found near the 
periphery (catarrhal ulcers), and they produce an appearance which 
resembles the ' infectious ulcer * of Zur Nedden. Zur Nedden himself 
admits that such an appearance is not necessarily caused by his 

* Stowcr, K. M,f. A., Mtii-ch and April, 1907, xlv. 1. 

^ On this subject Tscliirkowsky contributes an important article in A. J'. O. Ixviii. 

' See the chapter on 'Conjunctivitis.' 
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bacitluB alone ; in many cases it is dae to the Stapbylomcctig or other 



Corneal infections from the influenza bacillus are described by Zur 
Nedden and A. Knapp. 

De Berardinia reports having cultivated Strrptnthrkfte from super- 
ficial corneal ulcers ; in one case there were several varieties. Inocula- 
tion experiments with the same organisms also produced superficial 
ulcerations.' 
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Amongst the infectious forms of keratitie, the infection with the 
mould fungi—' keratomycosis '—merits a consideration quite apart.' 

Leber's excellent researches liave shown that when a rabbit's cornea 
is infected with the spores of the Asp'n-;iitlunj)imi'jiitu>i, u necrosis occurs 
around the site of inoculation, and nt its periphery a dense infiltration 
ring is formed. The necrotic mass ot tissue riddled with the mould is 
then ciist off in tolo, like a sequestrum. 

Tho^e observers who have recorded cases in human beings (Leber, 
Fuchs, Uhthotf, Axenfeld, Sehirmer, Slarkow, Basso, CoUomb, Gen- 
tili, Ball, Wicherkiewicz, Kayser, Ellet, John.son, Buchanan, Oster- 
roth, Martin, Zade) agree that the strange-looking, dry, slightly 
prominent, diseased area is separated from the surrounding tissue by 
a demarcation ring, and is slowl}' cast off. (In the differential diag- 
Doeia it should be noted that Martin, in the A. /. A., 1905, U., p. 141, 

' Literature ! see Kuveer, A'. .U, /. A., 1903, xli., Bd. i., and Johnson, Md.. IW. li. 
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loiUKt a grain bask iterant to Ibe cornea, and enclosed in s tdc- 
torial man eonsisting of the BadUuH .i-i-rosis. De Bono, in the .-t"" 
^t Ottal., 1906, zzziv., p. 946, fOimd the .Viir')i mur.do in a ' peeudo- 
membrane' ooveruig the oomea and only loosely adherent to it. 
which healed withoot leaving an^ trace.) In the seqaestrum vhich 
is permeated with the myoelinm the corneal lamellie are complotetr 
necrosed. 

In most oases reprodaclive orgatiB 'were not seen in the cornea : is 
Ball's case alone was there any hint of the presenca of A-ijfniiUiu. 
Becently Zade had reported the oecurrence of fructification organs in 
two oases on the sarfaee of particlenj taken from the centre of the 
affected area. The oases, were ebaractevized by theu: special cbron- 
ioity, and ibe absence of any sequestrum formation. Eight animals 
were inoculated with tiiis AtpergHIiis, and in two of the cases Zade 
found the fructification organs in the centre of the cornea. He states 
that they conld only be obtained with fteah material, and after cod- 
servation they readily disappeareil. They first appeared at a late 
stage, about the sixth day, and eren then only on the surface and in 
the centre. 

As a rale, the infection is due to earth or some v^a S abla sabMaaes. 
In the single cases recorded by UhthofF and Azenisld, B. Kmynet, and 
Johnson, die foreign body was still visihle in the seqaeatmm. 1 have 
shown on other occasions, and would again note herOt thfti tiien n a 
mild form of keratomycotit, which when only superfidally obenred 
appears like a dense infiltrate or a keratitis fasdctilosa (see Fig. 6^. 
The three cases last mentioned were considered as sach a keratitis, 
but on closer examination I was able to demonstrate a peculiar small, 
delimited nodule, in which the suspected mould was ioond. Mi^r ti p 
recorded a similar case. 

Cultures made with every precaution showed that these cases ware 
due to Aspergillus fumi'jatits. 

The AsiHi-'jilUis fnmioaUis has the following characteristics : Besides 
growing on the ordinary media, they will grow well on acid sabstaDoes 
(potatoes, bread-infusion, yeast). The young colonies are soft white ; 
when the mycelium forms, the centre becomes greenish, then greenish- 
grey, and finally the whole culture is smoky-grey, from the formation 
of large numbers of spores. 

The varieties of Asptrtjilhia are characterized by variations in the 
spore-bearing organ. This rises out of the mycelium, and ends in a 
knob bearing the radially-arranged ' aterigmen,' from which the spores 
(conidia) bud off {vf. Fig. 62). The best method of examining speci- 



THE CORNEA 



317 



mens ib in hanging-drop, or in some glycerine in whicli particles 

taken from the cornea have been squeezed out. The preparation 

should not be stained. In aec- 

, . ^ tions the mould is best stained 

•^jf' '^sr by the Gram-VVeigert method. 





7.— isPBKOlLLUS FUMIOATCs' CcLTfRI 



Fi(.. 63.— MiL'j Form of Kkrato- 

MVcosis AsPEBaii-LUiA 

(Frbibuhu Case). 




1 



Fig. 69- — EebatouycosIs Aspeboillika. 
Vegetable foreign l«)tly with niTPeliiini. Case from the Freiliiug tlioic {<;f. Kayser). 

good (the basic ones being worst, especially the commonly- used Loffler's 
methylene blue). 

■ From Plant, • Kolli^-Wauermauu Handl-ouk,' IfOS, rnl. i,, p. ii'X 



Lhut v.mm , "svm^'Si xjsisra^ 
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The record by Ellet is inexact. He takes no account of the previoos 
literature, and without any particulars speaks of AnpergiUus m'jer. 
l'e}ii--ilUiim ;i/iiunim is recorded in Wiclierkiewicz's case, but it mnst 
be considered hb doubtful if this mould was really present, as it has 
□ever been described as pathogenic. No particulars were given cos- 
cerning its morphology and cultures, and experimentB on animalB 
were not curried out. 

From a white, prominent, partly delimited corneal in:filtrate Baqois 
cultivated a peculiar Hiiph"m;icrlr, whose identification was not po&- 




u? 



a AXENFELD, Kb RAH) MYCOSIS AsPEKlillXlNA. 

Vegetable furriHii Ijoilj- witli myoelium. 

Bible, as no spore formation was obtained (Oasi'ora aacofortn .' I 
dllium rnbnnn 1). 

Halbertsma also found that the Asper<jillm flareseens was patho- 
genic for the cornea of the rabbit. AgpenjiUus nifi<-r, A. fieuum 
A. iventii, and to a very alight extent the A. eamlidun, have been 
described as having a moderate degi'ee of pathogenicity for the cornea 
of the rabbit, and to a certain extent also for the vitreous and the 
choroid. A. ijIuhcus, ostiamis, iiiinhnus, claratiis, larian^, and iioniK 
on the other hand, were found to be quite inactive. Buchanan states 
that many strains of Asi'-niillus and Pcnh-iUhim are capable of patho- 
genic activity. 

The relative rarity of keratomycosia, in proportion to the frequency 
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of the Aapi-roilliiK, is explained by the fact that it will only develop in 
the cornea when it ia directly planted into its tissue by a foreign body, 
or is rubbed into it ; otherwise it can only produce a corneal lesion 
with difficulty. 

Best' records an interesting case of this variety in both eyes of a 
young blackbird. In the vitreous, the retina, the choroid, the anterior 
chamber, and the bone ot the sclera, there was a dense felt-work of a 
mould. No cultures were available. Best considered that an injury, 
perhaps by pecking, was the ctiuse. He recalled the fact that a general 
experimental infection of the blood with the spores of ABim-ijilUis will 
readily cause a metastatic infection of the eye. 

In man. too, similar infections of the vitreous by moulds have been 
described by Leber and Nobbe, Riiiner, and Kampherstein.- In these 
cams there wii» a necrosis in the immediate vicinity of the mycelium, 
and around that a. suppuration. Leber and \obbe, as well as RoUet 
and Aurand, have produced the same result by experimental infection 
of the vitreous. In the vitreous no reproductive organs were formed. 
In a phthisical eye Schirmer has demonstrated microscopically the 
presence of a mould infection passing from the cornea into the 
interior. 

Koellner, in Michel's chnio, described a mould infection of the 
sclera with partial necrosis. Here, too, there was a sequestrum 
formed. The nature ot the mould could not be determined by 
cultures. 

LITERATUBE. 
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BAitL-is, Una nuova forma di cheratDmioosi. Annftli di Ottalmol.. lOU.'i, XXXIV, 
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BucHANAK, Mycosis of the eyeball. Glasgow Med. .lourn.. December, 1903. 
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KoELL-SER, SchinmielpUzinfeklion der Sklern, Z. f. A., 1900, XLI, S. 441. 
Mabtin, a. t. A.. 1904, L, S. 177. 
OaiBBBOTH. B«rl klin. \Vo«h., 1905, Nr. 7. 
RoLLET et ArRAN'ii. Experiment. .AspergilluBkeratitiden. Revue generole d'ophth,, 
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' Dtulteht Mai. H'offt., 11)05, 8. 1821. 

' Aifierttilluii /umigaliu occnrctd in L«bur-Xiili1« and Uumir's coks ; in Kuii[iber9teiu*a 
cue the ori^niun ksb doubtfnt. 
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I'nder the name ol ' botryomycosis ' Bargerton descri bed ii tumour- 
like rtLBcolar growth in the cornea. It had a broad base and a nodular 
Burface, and develoj>ed after an injury to the cornea. MitToscopi- 
cally il fonsisted of vascular grainilntion tissue. Dur and Bargerton 
considered the (.-bflnges to be identical with the hotryomycosis of the 
akin described iu man iwhich afTects the face uud the hands, tivo eaeee 
being recorded in the eyebrows*. In these cases a fleshy fungoid granula- 
tion tissue tumour formed a few weeks after an injury (like the growth 
iu horses after castratioul ; on removal it rapidly healed, and did noi 
recur. The condition was considered by Poncet and Dor not to be 
due to the Bcfn/cr, -f<-M« cym, but to a special B"/rv'xvic(-*w,' an 
organism which resembled the Slajthi/iommiit i-gififnt» anrrut in 
almost every point, and by many is considered to be identical with it. 
The chief difference, according to Poneet and Dor, is that their coccus. 
unlike the Staph^lot-occns, does not form pus, hut causea an exadatioii 
of lymphocytee. The bouillon culture remains clear (in contrast to 
the StaphfiloaM-rHii) : an orange-yellow mas» forms at the bottom. 
On solid media a thick orange-yellow and slightly wrinkled slime 
forms, which when examined sJiows Gram-positi^'e cocci, resembling 
a typical Sorchue. In the latex stages of botryomycoeia of the ekin 
hyaline bodies — ' grains muritormes ' — should form, i In the granaU- 
tion tiseae in the cornea neither such granales nor the Bi-tiyocotei 
have be«n demonstrated. There is no proof that these cases were 
anything different from what has been described in the literature as 
' granoloinata.*) 

Dor and Bargerton consider their case as identical with the oae 
described by Schirmer and Beisbaus {B^tr. Zeii., Aagnst 31, 1899) 
as a ' fibroma of the cornea,' in which these authors fonnd appear- 
ances which they, with Busse, considered to be aaccharomjees 
Hefs. 

Fnither investigation is necessary to determine the pathogenesis of 
these and other corneal growths. 

The literature is found in a paper by J. Bargertwi, ' Cn Cas de 
Botryomycose de la Comee," Thitf rf<- LtH*M, 1905, and Ten Sietoff, 
IX'efkNud. lSil9. 

A rare condition is reported by Lund^aard (A". M. _»'. A ., 1900, 
mviii. p. 13>. Stower (Inter. Meil. Congr,, Moscow, 1^7, vi., p. 29, 
and A. /. O., IS'i*^, xlviii.. p, ITfti, G. F. Eeiper and SeveraDce 
Borr^^e i.\mer. Med. Ass., 1907, Atlantic City. Opbib. See., p. 87), as 
due to Hel,*- 
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Lundagaard's case was one of atypical hypopyon - keratitis of 
moderate Beverity; the othere were severe noii • paruleut ulcers. 
Lundsgaard and Slower found Hrfa msa in pure culture. The 
American authors did not succeed in an exact identification, as their 
organism was mixed with Suvnmf, bacilli, and lUi'lul-anlU, 

This It>'f/i (Lundsgaard) at first grew at brood temperature, and, 
just as in Stower's experiments, produced nodules in the iris, from 
which weeks later the Hrlu could again be grown. In the vitreous a 
white membrane was formed. In the cornea of a rabbit a benign 
rapidly healing inflammation occurred without a hypopyon. After 
continued cultivation the optimum temperature sank, and in this 
particular the strain which Lundsgaard grew took on the charac- 
teristics of the common non-pathogenic H-ia rona. 

These findings remain isolated,' so that there can be no great import- 
ance ascribed to the Ilrhr in the etiology of corneal inflammations. 
The authors quoted consider that H']l'<e were %'ery probably the cause 
of the condition present in their cases. 

Klein has obtained a nodular inflammation of the conjunctiva and iris 
through endogenous channels ; and Stock carried out in my laboratory 
a full experimental and microscopic research into the nature of these 
peculiar hiematogenous inflammations {cf. Ophth. Congr. Heidel.. 
11^07, and Ziegler's Jl-itnhj.- --. I'uth. Anal., 190H). 



Zur Nedden's Bacillus of Marginal Ulceration. 

{€/. Plate IIL, Fig. /!'.)- 

Superficial corneal ulcers, marginal in position, develop by the 
breaking down of infiltrates ; tlieae may be single, or multiple when 
they tend by their confluence to the formation of trough-shaped 
ulcers. In the floor of such marginal ulcers, and more rarely in 
centrally - placed processes, Zur Nedden^ found a bacillus which 
differed from any known organism. From its frequent oceurrenee, 
and its pathogenicity for the cornea of rabbits, he rightly considered 
it to be the cause of these ulcers. 

The bacillus has been found in the same hospital in a case of neuro- 

, sUintil with Buaaa's Hi/ii-»taio, 
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I In tlic BMtionii of ■ »o-™l!oO filin 
SchinuBf found fuchsinojiliile oramilos which prpsi'iitrd tlie 

Ally., 1HH9, xnxi ). Tliis iicciijiar linding it analogoiui ta ttitit lu tLe ditunJc gram 
tissue lumoiirs which c*u >« pniduuHi by tli« nctiou of tbe [MUogrme U<fir, 

' The drawiDK is from • direut prcjwrktiuD fruin an ulcer ; thi- prepaniUod wiis n 
l.y Dr. Zur Xedden. 

> A./. 0. IBM. Bd. Uk , S. 300 ; •Uo A', il.f. A., IBOtt, iliv., BA i., S. 47S. 
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{Mi'alytic keratitis/ and in London by Macnab.- A clinical poia 
great interest is that the bacillua has only been found in 
indammation of the cornea. bi aucb cases they can be found 'm% 




Fio. 71.— Clinil'.vl Skrtcheb of Cases of Zcr Seddbn's MargiK-U 
Dlcbhation (from Zur Nbiii>es). 



conjunctival sac, from whence they have passed into the corDea. In 
a pure conjunctivitis they have not yet been found. 

The chnical appearance is so far typical in that the Zur Nedden'a 
bacillus alone has been found 
in any quantity in these con- 
ditions, provided that they a 



not incidental in the progress 




Fio. 72.— Zub Neddes'b Bacillus: Fig. 7H.— Zur Neodkn's BAcnxrs: 

TwBJm-FouR HouB Glycerine Agar Plate Cultchk. 

Abar Cdltubb. X 1,000. L„ge anperticinl nnd small dcpp (wlcmieK. 

of other conjunctival intectipna (Koch-Weeks, diplobacUlary, pneamo- 
coccal, or stapbylococcal). 



• Httupt, luawg. Dissert., Birnu, 1002. Here 
thia Htfection. 
= ' Ulceration of the Coruun, ' Louduu, 1907. 



■e slao givcu the full )>acteiial lindingk in 
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Morphology. — Rods, either straight or shghtly curved, lying very 
often in pairs ; individuals are 0'7 /* long, and 0-6 /i broad. Smaller 
individuals and filaments are rare. Their ends are rounded. Clearer 
areas (vacuoles) can be seen at their ends, and lionietimes also at 
their centres, when they are faintly stained. In many features the 
liacilli resemble seroae bacilli. Gram negative. No cimin or capsule 
formation. 

Cultures — The colonies on agar are i to 7 millimetres in diameter 
after twenty-four hours, and by transmitted light appear bluish ami 
translucent ; they are slightly raised, with round and sharp margins. 
They tend to run together, and form a thick mucoua slime. When 
the medium is poured out in Petri dishes or plates, small round or 
whetstone- shaped colonies develop in the substance ; on the surface, 
however, they are large, round, and have a .small dark central area. 
In transmitted light they are concentrically marked. In the deep 
layers of the agar they do not grow at nil ; they are obligate aerobes. 

Colonies on gelatine plates are transparent, bluish, and homo- 
geneous. In gelatine stab culture growth takes place only in the upper 
part, with th« formation of a Hat nailhead. 

In sugar-agar there is no formation of gas, but the medium becomes 
acid. 

Cow's milk ia coagulated. 

In bouillon slight growth, without indol formation. 

On potatoes a thick, yellowish- brown growth. 

On human blood-serum or Loffler's serum a thick greyisb-wbite 
scum. 

.So motility. 

The temperature optimum is that of the body ; still, there ia a 
scanty growth at 10° and 40° C. .\fter three-quarters of an hour 
at 55° C the bacillus in killed. 

Reeipitance against dryness is very sligbt. 

Differential Diagnosis. — On account of the characteristics given 
above, Zur Nedden rightly differentiated his bacilluw from those of 
the t'oli group, the Barillm lypliiimB, the liiuUlus tlygnderite, the 
aerogenous group, and rightly also from the other bacilli found in the 
eye. In their cultures and morphology the I I'qihAiaciUi are quite 
different. The Zur Nedden bacilli may lie in pairs here and there, as, 
indeed, may be the case in any bacillus. The bacilli are readily seen 
in smear preparations from the central, rarer ulcers, which resemble 
ulcera serpentia, but without their tendency to spread out on the 
surface. The drawing on Plate III. ia made from such a case. In 

91— a 
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marginal infiltrates and ulcers, on the other hand, the bacilli an 
scanty, so that in the smear preparation sinj^ ezamples are only seen 
with difficulty. In the bacteriological examination of margiiial uleen 
cultures are essential if the Zur Nedden bacillus is to be Bought for. 

Prolonged culture has not succeeded in making the badUas 
approximate any further to any other bacteria. The statement by 
Lehmann and Neumann that the bacillus belongs to the group of 
Friedlander*s bacillus cannot be confirmed. 

Phlyctenules commonly occur at the limbns. There is no true 
conjunctivitis. Zur Nedden therefore considers that the' infiltrates 
and ulcers were primary corneal affections, and that they were not 
catarrhal ; they were also almost always unilateral. Any irritation of 
the conjunctiva was secondary. In the secretion of each casee the 
bacillus could be demonstrated by cultures. 

The ulcers did not usually progress; hypopyon was rare, but 
relapses were not uncommon. The disease was more common in the 
winter. 

Zur Nedden found the bacilli along with Pneunweoeci in a case of 
ulcus serpens, and also in a case of neuroparalytic keratitis. 

He never found it in any other circumstances, in spite of namerons 
examinations of conjunctival and lacrymal affections. 

Inoculations. — If an agar culture be diluted with water and a 
trace of the fluid injected into the cornea of a rabbit, a keratitis of 
varying severity is produced. In many cases it takes on the form of 
a hypopyon-keratitis, and may lead to a perforation ; ^ in others it 
remains as a benign infiltrate. Cultures which are older, and have 
been repeatedly subcultivated, have a much weaker action. The 
bacilli remain for a long time in such corneal infiltrates, and can be 
again grown in a pure condition. When, however, they are injected 
into the interior of the eye, the vitreous, or anterior chamber, they 
cause a transient reaction of varying severity in the connective 
tissues, and within twenty-four hours they die out. This result is 
due to the need of oxygen. Inoculations on other animals, and in 
other parts of the body, produce no reaction. The Zur Nedden bacillus 
is therefore a bacillus which is only pathogenic in the eye, and one 
too, which has a stronger action in the cornea than in the vitreous. 

It is only in exceptional cases that an injury has preceded the 
ulceration ; the bacillus must therefore have the power of attacking the 
uninjured cornea from the conjunctiva. This it does in the marginal 

^ A puruk'nt desti-uction of the cornea, duo to a pure infection with this baciUa^ haft 
never l^eeu observed in man. The fonuution of a hyjwpyon even is rare. 
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zone anil iu old people, as in them the snperlicial layers of the cornea 
are especially liable to changes (arcus senilis). 

Up to the present Ziir Nedden (Bonn* alone has given detailed 
accounts of these bacilli. In four years he observed aisty-five cases, 
and concluded that the disease is common ii] the Khine Valley. On 
account of the difficulty in the demonstration of the bacillus, it in 
possible that cases occur in other places, but have not been recognized. 
Macnab' has found the bacillus in three cases in London. Paul 
records having found it in a few cases in Breslau. 

In his ' Maladies ile la Cornee ' Morax gives a fi{;ure of the bacilli 
from a case of keratitis. In spite of specially directing attention to 
the point, we have never found this organism in Freiburg, even in 
cases whose clinical appearances resembled those of Zur Nedden's 
cases. 

We have no information as to the occurrence of the bacillus in 
Nature, or the source of the infection of the eye. Zur Nedden is of 
opinion that it does not cause a keratitis in every case in which 
it occurs on the conjunctiva, and that with careful searching it will be 
found on the normal conjunctiva. He is very probably correct. 

As to treatment, the common conservative procedure for keratitis 
is QBually successful : even in the moat severe casea the galvano- 
cautery was seldom necessary. 

Herbert's Intra-Epithelial Capsulated Bacilli in Keratitis 
Punctata Superflclalis. 

Some time ago the director of the eye hospital in Bombay. Lt.-Col. 
Herbert, I. M.S., sent me several i>reparalions for an opinion. They 
contained quite peculiar bacteria, which had been only once briefly 
described in the Oplithalmk- Rrriew, lltOl, p. 331t. The case was one of 
keratitis punctata superhciatis, and closely resembled the affection 
described in the years 18y3-lS94 by Fuchs, Reuss, and Nuel. There 
was only the slight difference that the initial irritation of the conjunc- 
tiva in Herbert's cases was less obvious, and that in India the disease 
almost always remained unilateral, and healed in the comparatively 
short space of three weeks. The disease occurred in an epidemic 
form, although the process of infection could not be demonstrated. 

When Herbert scraped the slightly uneven epithelium from the 
punctate spots, he found in the epithelium large numbers of peculiar 
bacilli, which were only stained with great difficulty, in the ordinary 

' Mai'osb, ' Ulceration of llifi L'oniea," Lnndon, 1907. 
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aniline stains were merely hinted at, and were only demonstrable od 
account of tbeir well-developed capsules. 

With the ordinary Gram's method they practically did not et&in, 
and it was only in overetained Gram preparations that they were 
occasionally visible. Fig. 74 is drawn from such a preparation. The 
bacilli lie quite irregularly in the protoplasm ; they are rather thick. 
about 3 /x in length, and I'S ^ in breadth : there are no long fila- 
ments. The form of the bacilli reminds us of the group of Fried- 
litnder's bacillus (B. nmcosus caiisiilatiii). to which the oza^na bacillus 

and the rhinoscleroma bacillus 

belong ; they differ from this 
group, however, in their stain- 
ing and their cultures. The 
etiological significance of these 
bacilli for this keratitis punctata 
Buperfieialis is very probable, on 
ftufount of their large numbers 
in the epithelium and the regu- 
larity of their occurrence in 
ciises where only a few cells 
lilled with bat-illi could be found. 
even though cultures with the 
most varied media and methods 
have never yet been successful. 
It was only to be expected, con- 
sidering the superficial situation 
of the lesion, that the ordinary 
saprophytes (xerose bacilli and Sfajihiil'irixii) would be also found 
along with these capsiilated bacilli. The bacilli can very readily be 
overlooked on account of their difSculty of staining. On this 
aceonut, therefore, the fact that NueH did not describe any such 
bacilli in his sections cannot be taken as certain pi'oof of their 
absence. As the anatomical cause of the opacity, Nuel described 
peculiar networks of threads and spirals formed of hyaline fibrin, 
which were grou^ied close together under De&cemet's membrane, so ae 
to form corneal granules. It is quite possible that these formations 
were produced by the intra-epithelial bacilli." Such is the opinion ot 
Wehrli,' who microscopically demonstrated small inflammatory 
nodules. I do not consider it certain that the Indian keratitis can be 
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identitied with the European, but Herbert's results should stimulate 
similar search for intra-epitbelial baeilli in the early stages of the 
affection in Europe. 

Nuel' has since pronouDced the hyaline spirals to be derived from 
bacilli, and emphaslBes their similarity to cilia (twisted cast-off flagellse 
of bacteria). This cootention canuot be accepted. In another case of 
punctiform inliltrations due to ammonia, be found granular masses 
which corresponded to the opacity ; these he considered to be masses 
of cocci. The bacterial nature of these appearances is not certain, 
and Vahide- ia not justified in considering that the punctate infiltra- 
tions which may develop and rapidly heal during a streptococcal 
conjunctivitis are masses of Stn-ptunirci, 

The ulcus cornese rodens (Mooren), though resembling an infec- 
tious process, has till now not shown any bacteria which signify. 
The bacillus which Andrade' found in two cases (once with the Staph. 
l>!l'>:h aiirciis) is reminiscent of SubtiUs, and has not been found by any 
other observer. It was a spore-forming, motile, (jram-positive bacillus, 
which liquefied blood-serum and gelatine, formed a thick white scum 
on agar, a diffuse cloudiness in bouillon ; it caused a transient infiltra- 
tion in the cornea of the rabbit, x>assing off without suppuration. 

De Berardinis {Ann. ili OltuL, I'JOG, xxxv., p. H35i cultivated a 
pyogenic tetragenus, which, however, could only have been a secondary 
infection, as it was not found in other cases {r/. Uilleman's A./. .1., 
lH9(i), where the ordinary pus-forming organisms were present. 

Keiper, D. G. Levy, F. R. Spencer (Amer. Jour, of Opbtb., 1896, 
xxiii., p. 176) have cultivated an organism which resembled the Zur 
Nedden bacillus from cases of keratitis dendritica. They found 
short bacilli, mostly in pairs, non-motile. Gram- negative, growing on 
all media as greyish-white, round colonies, and not liquefying either 
gelatine or blood-serum. In gelatine stab culture they formed a flat- 
headed nail growth. There was no gas formation, and no spores 
developed ; they were not pathogenic for the rabbit's cornea. 

That this bacillus is the cause of keratitis dendritica is not proved. 
In other cases examined by Uhthoff and Axenfeld the result was nega- 
tive or indifiTerent (xerosis) ; in one case, where a dendritic keratitis 
passed on to a hypopyon-keratitis, large numbers of aurcim were found 
in the cornea. This was certainly a secondary pyogenic infection. 

■We have no information certainly pointing to a micro-parasitic 
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etiology of the harpetle alfeeticni of the cornea to which keratitk 
deDdritiCB beloDgB. The Bimiktity ol these coiulitions to the inocuU- 
tiOD keratitis in rabbits, which is prudnced by the action of tho nrn« 
of variola or Taceinia, shoald be noted. It would lie of interest to 
oompare the findings in the ejatbelinm in the tA'o conditions. 
'_ OpioioDB have varied very maob concerning' the role of micro- 
organisma in that mttoh-disooBsed condition, neuroparalytic kera- 
titis. In opposition to the pore neurotrophic, »nd the traumatic oi 
desiccation theory, Eberth and Balogh emphasize the point that 
a trigeminal lesion only leads to a depreciation of the epithelinni. 
which, t^ain, allows of the entrance of the orgnnisuis, the bacteria being 
the tme cause of the inflammation. According to G. von Hippel. bac- 
teria are always at work in the pamlent cases, but iu the others they 
sre not regnlarly foand. Ollendorf,^ at the instigation of Leber, has 
gone into the matter again, and came to the conclusion that a kers- 
titia — and that, too, a purulent one — can occur in rabbits without the 
presence of any organisms, and due entirely to desioBatum. Be ioet 
not, howerar, deny that in man desiccation al<Hie is bat -i^rdy ttia 
cause, and that in the human eye mioro-organismB |day m pari. 
Bacteriological examinations above suspicion of tallaoy, of eaaea m 
man, are very few, and their rsBulta vary. Treitel and @. von Hipfiel 
found cocci, and Zur Nedden found hie own bacillna. 

Ollendorf was quite unable to convince himself that an inoonUttioD 
keratitis, in oHSes with lesions of the trigeminal, had any different 
course than the same keratitis in a normal eye. This is opposed to 
the viewB of ErauBe, Angelucci, Spallita, according to whom the cornea 
has a lowered retjistance in the latter cases. Spallita states that in 
this respect the sympathetic and the trigeminal are antagonistic ; for 
extirpation of the sympathetic in the neck raises the resistance, 
previously reduced by section of the trigeminal, to the normal. 
This finding requires control. Seydl, on the other hand, has observed 
neuroparalytic keratitis in cases of sympathetic paralysis. Davis and 
Hall have lately described bacilli resembling B. xerosis, which they 
considered to be of etiological importance in neuroparalytic keratitis.' 

It is well known that the corneal epithelium of varioue animals 
(rabbits and guinea-pigs) is a most suitable medium for the inocala- 
tion and the growth of the virus of variola and vaccinia (not for that 
of varicella).^ 

' A. /. 0., 1900, xlis.p p. 445. Cr'. here tlie whole liteiature; also Haupt, Inanic 
Disaart., Boni], 1902. 

" Brilisk MedKalJoiinial, Jiiiiaavy. 1B08. 

^ ty. Salmon, Hik. de Bud., February 1*2, 380S. 
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The corneal epithelium of the rabbit is considered to he the most 
suitable site for tbe inoculation of the 'variola protozoa,' those mnch- 
liiaeuBsed cell-inclusions,' which Pfeiffer and Guarneri, nnd more 
recently AVasielowski,- Jiirgens,' and others, have considered to be 
parasitic (Viilcnhficti-g, Guarneri). By continued subinoculatioii 
Pfeitler and Wasielowski were ab!o to demonstrate these cell-inclu- 
sions to the forty-eighth generation, and therefore they considered that 
their etiological significance was probable. The clinical appearance 
on inoculation resembled that of many forms of herpes and keratitis 
disciformia, also keratitis dendritica. The cell-inclusions pass from 
the epithelium into the parenchyma. 

Inoculations of the epithelium with vaccine, after the method of 
Schirmer,' produce in the guinea-pig an appearance which resembles 
that of the keratitis disciformis of Fucba. Just as in the case of 
variola, the infected epithelium can be further inoculated on to the 
cornea of other animals. In connexion with vaccinal affections in the 
hnman eye, Schirmer observed the occurrence of similar conditions, 
Zur Nedden* has lately cultivated an aerobic StiYjiiiillinx from a 
keratitis disciformis, which passed on to suppuration. This Slrrfitn- 
tlirir, when inoculated on rabbits, caused an ulcerative keratitis (</. 
He Berardini'a inoculation's, p. :il3). It was Gram-positive, and 
formed filaments : the organism grew aerobically on the usual media 
as soft, flat, granular colonies, which soon died out. When inocu- 
lated on the cornea of a rabbit, they caused a hypopyon- keratitis 
of moderate severity. The probability of the infectious nature of this 
peculiar form of reaction following on small injuries, and designated 
as ' ahscesEUB siccus ' since the time of Arlt, is therefore increased. 

SEEUSl TREATMENT OF CORNEAL INFECTIONS, ESPECIALLY 

PNECMOCOCCAL INFECTIONS. 
1. Serum Treatment in the Corneal Complications of Diphtheria" 

(Diphtheria Bacilli. Streptococci), 

.Although a conjunctivitis caused by L(.>llier's bacillus is influenced 
very beneficially by the use of Behring'e antitoxic serum, the iniiltra- 
tioDB of the corneal which are present at the time of the serum injections 

' Sec tlie Piitiwl review bj- r»»cl]eii, jminrli. M"l. tCorh.. ISOiJ, p. 2Snl. 

* Zril.f.H»9. «./«/-.. 38. |). a]2; iil»(i Kollo and Hi-i>ch, 'K. nnd W. Hsndhu.'U/ 1903. 

Bd. iii., p. see. 

' Charili-Awn., 1905, iiii., p. 127. 

* A. f. 0., 1904, Uk., L, ]>. 133. Prolozon (ctll-inulunioNiy) are claimed b; Pfeilfi^r luid 
Clarke ai the cause of Ihe reaction ia THLi'iiiia. 

* i". H. /. A., February, 1907, jdv., Bii. L * (y. tlie correspoadingcoDiiiDctiTitig, 
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do not disappear so rapidly. This agrees with the statements first made 
by Goppezy and so often repeated in the literature, that the curative 
action in corneal complications is very uncertain. Even in spite of 
the healing of the conjunctival lesions, the cornea can go steadily on 
to destruction; this is due to the fact that the inflammatioii and 
ulceration are not due to the diphtheria bacilli, but to secandary 
infecticms with pyogenic organisms. These are not directly overcome 
by the action of the serum, but only indirectly influenced by it to this 
extent, that the subsidence of the conjunctival diphtheria favourably 
influences the nutrition of the cornea, and the neutralizing of the 
toxin in the conjunctival sac prevents a further toxic action on the 
corneal tissues. 

In general it cannot be stated* that destraction of the cornea occurs from the 
action of the diphtheria bacillas. Certainly by experiment on aninmlB we may 
succeed in producing a severe keratitis by the introduction of a large munbar of 
very virulent bacilli into a central pocket in the cornea. No conditian iilTnilar to 
this has ever been observed clinically in diphtheria in man. Coppez' ezperimenls, 
which were confirmed by Morax and Elmassian, showed that repeated inatiUatioiis 
of diphtheria toxin into the conjunctival sac, without any action of the pyoguoie 
organisms, can in the end cause a necrosis of the cornea, especially when there is 
a defect of the epithelium ; these results, however, cannot be applied to man. It 
has recently been disputed by Dugast^ that this 1^ even the case in animals ; it is 
doubtful if iie is right, as it is very possible that Coppez may have worked with 
a more potent toxin than Dugast, who gives no details on this point. Coppez' 
results are confirmed by Bomer,^ who injected minute quantities of diphUieria 
toxin into the tissues of the cornea, and thus obtained necrosis in non-immunized 
animals, while immunized ones suffered no damage. 

For these reasons we may, when suppuration has already com- 
menced, give a streptococcal serum, such as the polyvalent serum of 
Menzer (Merck ^), as well as the diphtheria antitoxin. But even when 
the infection of the cornea is due to the Strejytococcus, it is questionable 
whether such a procedure can save the cornea. In conjunctival 
streptococcal diphtheria I have succeeded in curing the conjunctiva 
and improving the general condition, and still the cornea went on to 
destruction. Only an early exhibition of the streptococcal serum will 
benefit, and even then not with the certainty of the antitoxic action 
of the diphtheria serum against the infection with the diphtheria 

1 T/ase de Paris, 1905. 2 ^, j-^ q^^ 1901, Uv., p. 164. 

^ This is obtained from as many fresh stiains as possible of the organism obtained from 
man. The Marmorek serum, which is so much used in eye diseases in France, and is 
specially recommended by Boucheron, is made from cultures which are kept up to their 
virulence by passage through animals. The autistreptococcal sera of Hochst, of Moser, 
and of Ahronson, combine these two methods in varying degrees. Tavel's serum is a 
polyvalent horse serum, containing many strains which are imthogenic for man (from T. D. 
Kredel, Berlin, Gerichtstrasse 12, 13). All these sera are accompanied l»y exact diroctions 
as to their manner of use. 
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bacilli; the conditions are complicated in a wa^ eimilar to those inter- 
fering with the use of pneumococcal serum. Perhaps in 'aggressin 
immunity ' we may find assistance. 

Behring'9 diphtheria serum is well known to be an antitoxic serum 
of the type which does not lull the bacteria themselves, but neutralizes 
their products of metabolism — their toxins — by some chemical process, 
rendering them innocuous. 

That this JH so bas often been shown in ophthalmology. Diphtheria bacilli can 
be found on the conjunctiva of perBona who have suffered from conjunctival 
diphtheria, and have been cured hy the action of the Berum, Just as ia so often the 
coBa in the throat. The bactericidal Reruiu of WoMennann' may perhaps accelerate 
their disappearance. 

The action of the antitoxic sera is comparatively certain, because, 
in the first place, the serum can be consistently and with certainty 
standardized by Erlich's method ; and secondly, the combination of 
the tosin with the antitoxin occurs without any activity of the body, 
just as it would occur in rilni. An active serum of this variety also 
counteracts the tosins of all diphtheria, whatever their oripin. 



2. Serum Treatment for Pneumococcal Infections. (Ulcus 
CopneEB Serpens.) 

The extraordinarily convincing action of the antitoxic diphtheria 
serum in animals and its applicability to man assured its immediate 
use in ophthalmology. 

The conditions are very different in that much more common and, 
from a practical point of view, much more important infection with the 
PiicumororciiH. Although experimental immunization and treatment 
with serum bad for some time been attempted with relation to man, 
it was not till the work of Homer appeared that any notice was taken 
of them in ophthalmology. They were not incorporated in any form 
of treatment, because the experiments had produced very little con- 
vincing result, and also because we were in possession of a xery good 
method of treatment for most of these dangerous cases — that of the 
gfllvano-caustic and the Saemisch section. On account of the im- 
mense importance of this infection in ophthalmology, I will shortly 
review the question of pneumococcal immunity,- 

' C/ Vogchhergei, ' Uber die Aaneuiliinj; vinua ncneD Scrnmi bei Dtjihtlieiie,' Disserta- 
tion, Berlin, IBDfi. 

' The full Ut*raturo is to bs foun'i iu the artide l.v ■VVeicliwilaiim in ' Kolls mid W"a»srt 
iiiBDD Hiindl>DDli,' 1903, Bd. v. ; bIbo ii " 
S. 481, and Rumer {lae. eil.) 
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It must be admitted that the natural susceptibility towards infection by the 
Pneumococcua varies, not only in the sense that strains exist which are pathogenic 
for animals, but still have no action on man,* and vice versa, but also in the sense of 
a variation in the susceptibility of man to infection. The variation in suscepti- 
bility to the secretion of a pneumococcal conjunctivitis is evidence of this, and has 
already been discussed. 

It is quite certain that the personal factor plays an important part in the 
resistance of the cornea to pneumococcal infection — i.e., the ulcus serpens. As an 
illustration of this, the following case from my own experience will serve : In the 
cornea of a man fifty years of age, having a dacryocystitis with Pneumococci in the 
secretion, a subcentral ulcus serpens had developed after a superficial injury. The 
ulcer would have been described clinically as unusually benign ; it increased verv 
slowly, and, untreated, in three weeks had only reached the extent of 4 millimetres 
wide and 2 millimetres high, remaining (juite superficial. The nasal margin was 
slightly infiltrated, and formed a thin yellowish -grey curved line ; the rest of the 
ulcerated area was clear, and appeared covered with epithelium. The hypopyon 
was small. In spite of this, Pyieumococci were taken from the margin of the ulcer 
in large numbers, and they were found to have a high virulence and rapidly killed 
susceptible animals when the original culture was used. 

Such cases are rare, and can be called chronic ulcus serpens. We can presume 
that those Pneumococci which, immediately they were talcen from the ulcer, 
showed a high virulence for animals, had also a considerable pathogenicity for 
man.'^ If this be true, then the relative mildness of the corneal process must be due 
to a peculiar want of susceptibility. At least this is one of the factors which, along 
with the virulence and number of the organisms and the nature of the injury, must 
be taken into account to explain the variations in the intensity of the clinical 
appearances of the ulcer. 

As the Pneumococci were able to retain their power to produce the disease for such 

, a long time, they must have had a pathogenicity for man. It is remarkable that 

the struggle between the cocci and the cornea was not settled sooner in one or 

the other way. It is obvious that susceptibility can vary in one and the same 

person. 

The blood -serum of animals convalescent from a pneumococcal infection can 
protect against an artificial infection ; a pneumococcal affection must therefore 
leave a certain dcjjreo of iiimiunitv. 

In man the period of the immunity passes (juickly by, and it is of very slight 
degree, as is shown by the recurrences. Such recurrences after comparatively 
short intervals are to be seen in pneumococcal conjunctivitis (Gifford), and 
occasionally after ulcus serpens. A pure local pneumococcal immunity of the eye 
either occurs to a vorv limited extent or not at all. 

The meaning of the results obtained on the artificial immunization of animals is 
much more obvious. 

Friinkel (the discoverer of the DipJococcus lanceolntus), Foa, Bordone and 
Uflreduzzi, demonstrated the immunity of animals, who have sutfered from a 
pneumococcal infection. The experimental animals, in response to the tirst infec- 
tion, fornKnl protective substances by developing an active immunity. 

The artilicial production of imuiunity can be obtained in several ways : F'oa. 

^ The Itrotlii'is KlciiiiKTer liavo inoculated tlu'iu^clvcs with doses which \\vr«* t.it.il foi 
rahhits. without eau^iu*; any ihinia;;*'. K«»ni('r and a doctor in the Wurtzliur;^ clinic hav' 
aNo (leninH>trat«'d thr same on thcni^-ielves. 

- Tliis ]»rohal>ility can only he assumed when the viruh-nce has Ix'cu tested imm«di<:it<]v 
atttv tli«' material lia»i het-n obtained, ami tlie >am»' is tlie ease with rogartl t<» Sfr* j/f.^',^. 
After Ioiil; iultivati«»u nith inter]>olated passa<^<s through animals, a strongly j^ithoi'fni • 
strain need not sliow a corresijonding }»athogenieity for man. 
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BordoDo and Uf&eduKzi, Kruie, Pansiui, and olhers, used nttenuatetl or dead 
cullures; Foa and Scarbin uaed baclBriat exlracls ; Neller, Vassale. Montfuiaro, 
and Klerapcrer iniroduced pneutiioeoccal exudations and affected organe ; Ettimerich 
and Wassennann introduced siitall qtiantities of ver,v virulent cultures. Combina- 
tions of these metlioda have been used. Others (Klemperer. Bonome, etc.l injected 
flltrates oE cultures or tiaaues, following Sitasato and Qehring. who obtained, with 
Bttcb filtrates, practical degrees of immunity to diphtheria and tetiiiius. It was 
soon obvious that the conditions were quite different in the caae of the Pneunio- 
coccua, and that this lut method Inith ffltrates) would lead to no results of value, 
as the active substances lay in the bodies of the bacteria. The utethod. therefore, 
will not be discussed. 

The results which the various observers obtained with the active methoil 
mentioned did not quite agree ; the degree of the inmiuiiity. its time of entrance, 
and its duration, were ioBuenced to a varying extent by variations in tht- viralence 
and the etrains of the cocci. 

Soon after the discovery of passive immunity in diphtheria, Emmerich and 
Fawitzky, Uunzel and Fedem. Foa and Carbone, F. and d. Klenipercr, commenced 
e:iperimentB in the year 1HSI to passively immunize aniinak against Pneunw- 
rocei by the use of the serum of other immuui/ed animals. Emmerich used tho 
eerum of rabbits, so highly immuni^ied by the intravenous injection of very diluted 
highly virulent Pneumococci, that they were able to withstand 25 to 3tt c.cm. of 
a highly virulent bouillon culture. With the serum of these animals he obtained 
a certain amount of curative action on animals already infected. 

Foa and Carbone made the 6rst attempts at the treatment of pneumonia 
patients, and they attempted to immunize animals with the serum of a convales- 
cent from pneuuiDnia. They observed that nn immunity against all the varieties 
of Pncumocoeciig could not be produced with the one strain. 

G. and F. Klemperer report attempts at treatment with their serum. 

This curative action of rabbit's serum for pneumococcal diseases in man was not 
conSmied by many observers, and, considering the variable course ot these diseases, 
especially pneumonia, the apparently favourable results are not convincing. Tliis 
method of treatment was, at any mle, unable to make further progress. 

Washboum, with others, utilized the power of a serum to make the Pnruwocncci 
in n tube sink to the bottom as a measure of its activity. He obtained better 
resulti^ by using the larger animals, especially horses, for the purpose of obtaining 
serum. Since then Mennes and I'ane have used goats, cows, and donkeys. These 
animals were inoculated with very dilute, highly virulent Pneiimocnrci. Pane 
especially obtained exceedingly high immunization in rabbits by the intravenous 
injection of donkey's serum. 

During the nineties attempts were mude on many sides to cure pneumonia by 
the injection of Pone's and other similarly prepared sera. Amounts from 10 to 
ISU c.cm. were used, and the exhibition of very large doses appeared useful. Many 
reports were favourable (Pane, Fanoni, de Benzi, Eyre and Wasbbourn, Janson, 
Pignatti, Ooldsborough) ; others were less so (Canteiri, Spolverini, Sears, Hughes 
and Carter, Bautin, Pieraccini, Huber, Blumenthol). Snivelly collected from the 
literature 106 caaes, and Goldsborough 395, some of which were treated with 
Pane's serum and some with the serum of pneumonia convalescents. The series 
only gave a mortality of 5 per cent. Botli the authors express satisfaction with 
thia result. 

In spite of this, 'Weichsclbaum came to the conclusion at the end of liis critical 
monograph 119031 that, considering the variations in the course of a pneumonia, 
and the fact that it often heals spontaneonsly, the curative action altribuled to the 
■erum could only be demonstrated when a still larger number of cases was tested. 
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The varying rofults of the difGnrent authors might ho diM to difliamiieeo io their 
methode, the unequal virulenee of the etrahie used lor immnnLdng pi u poaao, and to 
the degree of immunity not being determined. 

De Benzi has lately (1005) reviewed the vesnlts of the pravioos ten yeanf tnat- 
mentof pneumonia with Fane's serum, and eipresses his appreclfttion of it. Panidii 
similarly refers to the Tiuoni^Faniohi serum, and testiflea to* its -value. Them- 
peutical attempts have recently been made in pneumobi* with the palyvaknt 
serum of BOmer (Knauth, DeuUche Med. Woeh., 1006, Na IS ; Pftealer, De u tt d^ 
Arehiv f. KUn. Med., 1006, Bd. IzxxiL ; Undenstehi, Mmmch. Med, Woeh., 1006, 
p. 1874). The results are given by these authors as lavoiurahlo* eapeeielly with 
regard to the subjective condition. It is interesting to note th«t Knautf» sal 
Pftssler gave large doses up to 00 com., which weve quite haiiiilusw; while linden- 
stein states that 10 com. given early is quite su|&oient* Jlirgena {Med* KUm^t 1007, 
p. 278) reviews the question, and statee that an authantie onmtlTO action in pnea- 
monia has not yet been demonstrated. We must wait until a mueh larger 
material is available before coming to any conclusion. 

The collected observations regarding ukera serpentia are not applicable in evecy 
particular to pneumonia, nor are those of pneumonia to ulena serpeaa. 

The opinion we have quoted as held by Klemperert that pneomoeoeesl 
serum, like diphtheric, was antitoxic, and counteracted the pnemnotozin which 
collected in the blood, is erroneous; on the contrary, the material ia one whidb 
attacks the bacteria themselves. (The substance, aeeording to the work of 
Wassermann, is produced in the marrow, in the blood-semm and the tfajmn^ 
to a much smaller degree in the spleen and the lymph-^bmdsi and not at aU in any 
other organ.) The toxic power of Pneumoeoeei is due to endotaminM^ whieh 
remain in the bodies of the bacteria, and therefore can only be aflbcted by the 
action of bactericidal substances. All the * bactericidal ' sera — in the widest eenss 
of the word— are considerably less efficient than the antitoxin. 

Until recently the pneumococcal immune serum has been considered as a 
bactericidal one, in the sense that the antibodies (amboeeptors) attached to the 
bacteria, with the assistance of the * complements ' (alexines) derived from the body 
of the man or animal, produced the destruction of the coccL For anch to occur it 
is necessary that the antibodies and the complements must suit each other. On 
account of the specific variation of different strains of Pneumococci^ it is possible 
that the serum produced by one strain will be complemented by one species of 
animal, but not by another; and it is also possible that an amboceptor (Erlieb) 
may have an affinity to one strain, but may not possess any for a PneuTnococcue of 
another origin. 

As, however, a bacteriolytic activity has not yet been proved for pneumococcal 
serum, either in the peritoneal cavity (analogous to the cholera experiments of 
Ffeiffer) or in a reagent glass with the addition of the complement, we must agree 
with Keufeld that no such bactericidal power as has been attributed to this immune 
serum exists. The assistance of the leucocytes generally is necessary ; by phago- 
cytosis they render harmless the bacteria previously altered by the serum. Neufeld 
called this action ^ bacterio tropic/ as it brought about the conditions under which 
the leucocytes could attack the bacteria after the receptors of the bacterial toxin 
were satisfied by the antibodies. 

Where a bacteriolysis from immune serum and complement was never obtained, 
immune serum^ on the other hand, immediately caused an intense phagocytosis if 
leucocytes were present. These results tend in the direction of the well-known 
teaching of Metschnikoff, though his opinion that the leucocytes are directly 
stimulated to phagocytosis by the immune serum is not correct. 

These observations regarding the * bactcriotropic activity * of pnemnocoocal serom 
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Treatment b; pneumooocrol serum is mnde difficult by the fitct Chat the various 
strains of Pneiimococci show specific dlffereiicea with regard to the (intibodieB which 
they produce. 

Kindborg.' iu a paper from Friinkel's Institute, by safficiently diluting the 
immune sera which they hftd produced, showed thnl each individual Htrain of 
Pneiimorocri only fonaed an agi;lutinin for itself. The agglutiiiniing serum 
obtained by one strain did not agglutinate the other strains. 

This specific division of the individual strains of Pneumoeocei was of importance 
in the immunizing experiments of Kindborg. The immune serum which was 
obtained by the intravenous injection of large doses of dead cultures protected 
white mice only against that same strain. Against other strains it was in- 
etlectuAl. 

Kindborg therefore preferred to speak of 'the Pneiimococci' rather ihnu 'the 
Pnturnocoeciu,' using the analogy of the Strrploeocei . 

Scholtz' examined the mutual ajtglutinating power of various strains of Pnrumo- 
eocci from uloera serpentia, and did not find so sharp a distinction between them ; 
still, he did find some difTerence, and his records most be considered. 

Bomer has attempted to meet these individual variations of the various i^trains of 
I'lifiimococci by means of a polyvalent serum produced from as many strains aa 
possible (just as is the case with Men/er's streptococcal serum). But the result 
has not been satisfactory in the majority of cases, 

Tliia lasl^mentioned difficulty, wiitcfa Ri'>mer tried to obviate by mi 
valent serutn. and which is so great a factor in the inconstancy of n( 
is alleged to be of less influence in the ' tigirresain immunity ' discovered bv Bail.' 
Bail found that if the peritoneal exudate due to typhoid, when the bacilli had been 
removed by the centrifuge and filtration, were injected into another animal, it had the 
power of enormously increasing the sUBceptibility of the second animal to typhoid : 
a very much smaller dose of the bacilli was then fatal. He named this power 
which the exudate possessed 'aggressin.' If now such bacteria-free exudate be 
repeatedly injected, on 'anti-aggressin' is formed, causing much higher immunity 
against the bacilli than could be obtained by any of the other means of bactericidal 
iniiuuni/ing. A relatively powerful passive immunity can be produced by 
injections of the serum of such an animal. 

Hooke* applied this method to the Pneumofoeiut, 

B'iraer''' attempttd to apply it to ulcus serpens. It would have been especially 
important could we have confirmed his hypothesis that the nggressin immunity 
produced by one strain was capable of protecting against infection with strains of 
varied origin, and from dilTerent ulcera serpentin. Strains of high virulence (for 
the serum animall, and not merely those pathogenic for man, could tiien be used 
in the production of the serum. The methods uf treatment by 'polyvalent seraiu ' 
heretofore used liave only shown partial success, but by this (aggressinj method 
a better result seems Co be more ('imply obtainable. These expectations have not 
been realized. 

Wasaermonn has shown that an analogous action can be produced by living 
bacteria, to which distilled water has been added (autolysis), or which have been 
treated with other extracts. 

' Zeil./. Him. B. /!(/>«-, 1B05, iu., |i. 97. 

» J./. A., IMS, In,, p, 81. ' Ztit./. Syq. M, tl^tl-l., 190i. 

* Witn. Kim. Wodt , April, ISOS, No, U, ' Ul>er Diplokokksuninnvuiiir.' 

• HcideL Cong., \V)b. nx. K. Jf./. A.. BoptetuUr, xliiL, Bd. u. 



338 BACTERIOLOGY OF THE EYE 

suppuration frequent instillations of zinc solution suffice ; in staphylococcal and 
other cases the cautery should be at once applied. In cases with Pneumococci an 
active serum can be used along with the older methods. When the affection b&a 
fully developed, there may be some assistance obtainable froia Beruziiy but with the 
sera recommended up to the present this is uncertain. 

At the Heidelberg Conference in 1903, Romer gave his clinical 
results with passive immunizing. With the method which he then 
recommended, the injection of 10 c.cm. of serum and its simul- 
taneous local application, he obtained healing in each of twenty ulcere 
in the earliest stage {vide supra). In forty-eight advanced cases 
80 per cent, were brought to a standstill by means of the serum. 
This very favourable result was not maintained, though the results 
in Wurtzburg remained much better than those recorded in the 
literature as having been obtained elsewhere.^ Romer was there- 
fore impelled to try for further improvement. By careful experi- 
ment he demonstrated that, by the active method, the injection of 
a dead bouillon culture (25 c.cm. of a bouillon culture concentrated 
to 1 c.cm.), produced an efficient and durable immunity in the ex- 
perimental animal. He utilized the agglutinating action of the 
serum as an approximate indication of the formation of the anti- 
bodies in the system. It was proved that after intramuscular mjec- 
tion of the cultures the agglutinin was formed earlier and remained 
longer, on account of the more rapid absorption from the muscles. 
As this formation of agglutinin is not a certain test, control tests 
of the opsonic index of the blood should also be made {cf. chapter on 
* Tuberculosis ').'- 

Eomer found that a combination of the active with the passive 
method was more efficient, and he therefore gave up the purely active 
method.^ In this simultaneous method the injection of the culture 
has to precede the serum by some time. 

I will not here go into a detailed analysis of the records of other 
authors;^ that will be found in my * Serumtherapie infectioser Aucrener- 

^ The fact that strains fniiud in the vicinity of Wnrt/.hnrg were used in the urcxluction ci 
the serum might he consi«U're<l to exi»h-iin tlie moie hcneticial action of tlie serum in x\\:A 
hu'ahly. Regional peculiarities have not been shown to l»e present in the har-teriii of this 
group. 

' Riinier has done this (Heidelberg Congress, li«07), and considered that opsouiv 
examination was not api>licable to juieumococcal serum. 

^ Sattler (Leipzig) was not satisfied as to the value of purely active iunuunization. Oh)\ 
vi-ry early cases were arrested ; tlu)se of moderate severity ai»[»eared sometimes to stf>i», aii'i 
then break out again rajiidly. 

^ Rumer stat«-s that no accurate conclusion as to the value of serum tivatnu-nt can 1- 
formed from small series of cases. It i< true that an extensive material alone allows n> t" 
determine wliat are the best pe^^ible results. Even then, in c(.»niparing the exi^erieiice «'f 
y<'ars. great ditfcivmns in tin cases may render compari^^on ditticult. Tlit* question ^hioh 
the clinician has to deal with in ulcus serpen^ is. Can 1 expect the new method to "ive su«l 
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krankung, Freiburg,' 1905, and in the reports of the International 
Medical Conference in Lisbon. By eearcbiug the records, and from 
personal observation, I have added to the literature' 120 cases treated 
\Tith serum ; from the collected material of about 200 cases, the 
following conclusions must be drawn : 

In the preventive treatment of corneal abrasions with septic 
surroundings, Eomer's serum (which will keep) can be tried along 
with injections of dead cultures. The cases, however, should also be 
carefully treated on general principles. 

For an established pneumococcal affection of the cornea, serum 
treatment alone is only justitiable in the very early stages ; we are not 
justiGed in depending on its action. Severe cases should be cauterized 
at the outset. 

If the serum treatment be undertaken, further successive doses are 
indicated, and even should an advance take place, the condition may 
still be checked. In such cases we cannot even rely on doses of 
SO c.cm. Enormous doses, even if they do in the end produce an 
arrest of the process, are no improvement on the use of the 
cautery, as the finiil scar will be very extensive. And even by their 
use there is no certainty that the process will be arrested. Delay 
may be fatal, and destruction result. 

In cases of ulcus serpens of moderate or marked severity treatment 
with any ot the present sera alone must be abandoned ; even the 
assistance of active immunization is insufficient, escept in caaes which 
are relatively benign, though extensive, and in which an expectant 
treatment would otherwise appear admissible. 

fond rramlta aa to jtistifr my laying aside, and replacing, the jireaent efficient method which 
po^iuss I Even a anijill scrioa nmy »ui>|>l]r the aasn-er to this queation : Tlie coiujuHbuq of 
two ajiparenllj similar fuaa, Ilie uiie treated mtb senun and the other without (Sittler), is 
not uithotit value. 

' PflUger, Komtp.-Bl. /. Sehteciier JirUe, IPOS. Sbuz Blaiico, 2 Span. Ophth. Kongr.. 
1M)4 (£'/. jr. Bl.). Coitivuna, K. .V. /. A., 1905, xliii., ii., 8. 389. Alvondo, Archivoa 
HUi*tnoAmeT.. 1904, iv., S. 882. Oliveres, La Clin. Ophth., 1905, S. 176. Darier, ibid., 
S. 26. Calderaro, La Clin. Ocul.. 1904. Schneire, loang. Dissert., Kbtiinberg, 1904. 
Ziir Nedden, K. M.f. /J., 1904. j;liL ScUleioh, ZelW, Wanner, JfTirti. Korreip.-SL. 1901, 
1905. Paul, K. M.f. A.. October, 1905, it., and Jouiuty, 190«. L Dieid, InauB. DiBsert., 
liiesaen, 1905. Sattler. Heidelbergor Kongr., 1905, Disn. llayweg, -Vers. rlieln.-iTi.stfal. 
Augenitrjte.' K. M. f. A., 1906, iL Heilbron, Berlirur Ktiit. ff'ocA., 1900. No. ^1. 
F. Cohen, 'Zwang. Ahhond. von Vowios." 1907, vii. i. Voaaus, Mai. li'oeh., 1906, vii,, 
Xo. 6. 
Darier [Clin. Ophth., 1905) and Fromoget [Ann. iTOcal., 1907, p. 59) claim to liave 



obtained good reanlta in the treatment of iineumocopcil infection of the cornea by the uj 
of diphtheria seram. No definite (iroof is funiished by their scanty material. 

Dcutsehniann lately replied having obtained healing, in cosea of hy]iopyon.ki!ntitis 
when) the cautery had failed, by the use at a hela aenun (Bnete-Knoch, Haiubnrg). 
Fui'thtr coDfirmatory reports muat be nuaited. 

My UhU-a also couuiu uasua by Sattler, Peters, Fuchs, vou Michel, Bach, Cramer, 
Seigrist, Mayweg, Schleiuh, Znr Nedden, Saemiwh, Bjerrum, Stoewer, Dimmer, Axenfeld. 
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Where the older treatment eannot be need or is ineffieieiii, eqieewDj 
in oases of great responsibility (single eye» ete.), sdram can be luei 
as an assistanoe to other means. 

Its utilityis therefore very limited. With more efBeient meAiodSyS 
may perhaps be possible to further advanee the use of ears in the 
treatment of corneal infections.^ 

Quite recently^ Bomer reported that he had given up the use ci flie 
polyvalent serum, and that he was preparing a new aenun which 
would be issued by the Hoechst Semminstitut ; ihia vronld not be 
a polyvalent serum, but one prepared from straina pathogenic for 



This serum its not yet available, and when it does appear will requin 
to be tested with the greatest care and critically ^^^"fam^ to see 
whether it really is any better than the other sera available. Till it 
is available for testing, it is better to postpone the aooomil of the 
properties which Bomer ascribes to it. 

At present we can only form an opinion about the poljrvale&t flerm 
of Merck ; it is the only one which is on sale. Its stdvaiiiagaa aai 
disadvantages have already been considered. 

^ Oonoemiiig the um of serum in the prey^itiott of woand fnlMiofiie, ^. p. sz €im§^ 
^ Heidelberg Oongreea, 1907. 



CHAPTER IX 
LEPROSY. TUBERCULOSIS. AND SYPHILIS OF THE EYES 
Leprosy of the Eye. 
Leprosy is very frequently localized in the lids. The same ehariie- 
teristic diaposition of the lepra bacilluB is found in the lids and in the 
tissues of the eye as is met with in other parts of the body. Lyder 
and Borthen's work (Leipzig, Engelmann, 18il£l) contains a full account 
of the pathological 
anatomy by Lie, in 
which the method of 
spread and the de- 
monstration of the 
lepra bacilli in the 
eye are discussed. 
The following works 
can also be consulted : 
Jeauselme and Morax 
(' Des Miinitestations 
Oculaires de la Lepra,' 
Auii, (I'OaiL, IS'JM, 
p. 812) ; Francke and 
Delbaiico (A. f. 0., 
l'.»00. 1., p. SHOi ; 
I'lenhnth and West- 
pbal (Z.'»f. /. Bakt, 
1(101, ssix., p. 233}; 
and Meller (' Kera- 
titis Punctata Leprosa,' A', M. i. A., 1905, xliii.. 
records and my own examination of preparations I come, in brief, to 
the following conclusions : 
Large numbers of the lepra bacilli are to be found in the early stages 

' Hansen, ■ Hnii'Ilraoli voq KoUe-Waasernuiiiii,* 11H)3. \\. 193. 
811 




I Bai^ilu :' Lepra Cells. 
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of the tubercular form of leprosy. On account of their predilection to 
the early occurrence of the nodules and the spots, the eyebrows are 
the common site for diagnostic excisions. In the tubercular form the 
diagnosis is completed by an incision into the infiltrated tissues, and 
the examination of the expressed fluid for the lepra bacilli. (For 
staining methods, see p. 17.) 

The nodes begin in the middle layers of the corium. Generally, 
but not invariably, a blood or lymph vessel can be seen in the middle 
of the node ; the bacilli mostly lie in the cells of the intima, less often 
in the leucocytes. The reaction begins in the tissues after the bacilli 
have found their way through the vessel walls, and is usually less 
marked than in the case of tuberculosis. The bacilli spread into 
the neighbouring cells, but do not show such a destructive effect upon 
them as do the tubercle bacilli, and well-nourished cells showing 
karyokinetic figures may be found with lepra bacilli in their immediate 
neighbourhood. The lepromata present the appearance of being true 
solid tumours. Large epithelioid cells containing many bacilli are 
common, and are considered by Lie to be derived from wandering 
cells; these form the so-called lepra cells, and are always very 
plentiful in the central oldest part of the nodule. 

The muscle cells (often pigmented) of the tunica media of the blood- 
vessels are generally much freer from bacilli than are the overgrown 
and sclerosed cells of the intima and adventitia. In general, muscle 
and elastic fibres are poor in bacilli. 

In the leprous nodules, especially in the cornea, a new fornaatioii of 
vessels is often observed. 

Here and there a small nerve may be seen in the middle of an 
avascular nodule, and numerous bacilli will be found in its endo- 
neurium, perineurium and sheath of Schwann. Those in the sheath 
of Schwann often lie in spindle-shaped clusters. According to Lie, 
this arrangement is not due, as many maintain, to the bacilli being in 
lymph spaces, but, as can easily be shown, in teased preparations, 
to the bacilli lying in the cells of the nerve. 

The nerves thus retain their normal structure for a long time, and 
the nodules their normal sensibility. After a considerable time thev 
certainly become just as anaesthetic as the spots in the anaesthetic 
form. 

The nodules gradually coalesce, and thus diffuse nodular thicken- 
ings are formed. 

The epidermis of the skin remains intact for a relatively long time. 
As soon as the rete mucosum is attacked, there is a defective forma- 
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tion of new cells, ii tree formation of aealee, and in the end ulceration 
and secondary infection occur. 

The cells of the rete mucoaum are very often filled with grannies of 
brown pigment. Spots without pigment (mnyplxfrc alha) are much 
less common, and are usually the result of burns, etc. 

The roots of the hairs are destroyed by the free formation in their 
neighbourhood of new leprous tissue; the bacilli rarely pass into them, 
but are commonly found amongst the cells of the root-sheatha ; they 
may even pass along the hair to the surface of the skin. By this means 
the bacilli can reach the exterior even when the skin appears intact. 

The sebaceons glands, the arreotores pilorum, and even the sweat 
glands, are affected in the same way as the hairs. Lie states that the 
bacilli are rarely found in the sweat glands. 

In Lie's opinion, though the bacilli are more prevalent in the cells, 
they can occur in the lymph spaces. He takes up a middle position 
in this much-discussed question. He considers that the well-known 
'globi' (lepra cells) are principally cells laden with bacilli, but the 
very large ones, which can almost be seen with the naked eye, he 
considers not to be cells. 

The Lids and Conjunctiva.— The actual akin of the lids remams 
unaffected till late in the disease, even when the eyebrows are filled 
with nodiilen. After a time it is affected, and then chiefly at the 
border; the hairs here begin to fall out, just as we have described. 
This loss of hair not infrequently occurs without any demonstrable 
change in the lid margins. Lie explains these cases by the presence 
of the lepra bacilli in the conjunctiva. 

The nodulea in the conjunctiva tend to form scales, and subse- 
quently ulcerate. The newly-formed leprous tissue occurs in two 
layers, immediately under the epithehum and in the deeper layers. 
The cylindrical epithelial cells disappear, being partly destroyed by 
ulceration, and partly replaced by round cells ; along with this 
papillary outgrowths and epithelial down-growths are commonly seen. 
The tarsus is affected by the deeper infiltration. 

The conjunctival affection often takes the form of a diffuse catarrh, 
with numerous papillfB, very rich in cells. 

The Globe. — A direct spread of the diseased process from the 
neighbouring parts is rare. Infection is much more common from 
the blood or lymph stream, and in this the peculiar arrangement of 
the vessels at the corneo-scleral margin and its neighbourhood takes 
an important part. It is here that bacilli are most commonly 
found. 
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As the oomea. is aTuealar, it cannot bs primarily attacked : ))ui 
Mwording as the baoilli past in from the deep or the superfimi 
Teesels, a form ot pannos or an interstitial change wU] occar. 

Primary nodules often oecnr at the linibus of the conjunctiva : tbej 
agree in all particulars with those in the conjunctiva (viih nujTai. 
Lie ooosidered that the nodes which occurred in the cornea or sclera. 
seeondary to these conjonctival ones, consisted entirely of leucocytes, 
as he never found karyokinetic figures in the fixed corneal cells. Tbf 
epithelium of tixe oomea remains iutAct for a long time, and vfaen 
obanges do ooenr, they so resemble tttoee of the conjunctiva that Ue 
leans to the opinion that the peculiar corneal nodules which resoli 
emsiet of eonjunotival or episcleral tiseue which has invaded the pnit. 
H. Meyer and Berger record a case which shows wfa»t remarkable 
tamour-like growths are possible in the cornea (.1. /. O., 1888, xxiiv , 
p. 4). The leproas tnmonr was taken to be a earcoma until Leber 
stained it for the lepra bacillus. 

Besides growths of this form, the bacilli can spread in the lymph 
spaces ot the cornea, where they are found in small masses between the 
lamelle; they often lie in small clusters cut off from their original ])oini 
of entrance. Lie thonght that the bacilli in tliis situation had betu 
taken np by the oomea cells. Jeanselmo and Morax have given 
similar records. Ulenhnth, Westji^bal, and Greef found large numbers 
of bacilli throaghoot the cornea, although no changes could be demon- 
strated in it except a slight granulation at the corneo-scleral margin. 
From this we must conclude that the bacilli can lie in tiaeuts which 
clinically are still transparent. The reaction which finally results at 
these points produces the flecks' in various layers of the cornea, even 
where it is not thickened. Meller'e case, resembling a keratitis 
punctata superficialis, belongs to this class. The bacilli lay in smaU 
clusters immediately under Bowman's membrane. This form of 
leprous infiltration can occur in those eyes which show no sign of a 
marginal leproma. 

The corneal lamellee resist the action of the leprous nodules lot a 
time ; in the end they are destroyed, but only in the immediate 
neighbourhood of the nodule. This accounts for the disappearance of 
the fiecks, without leaving any marked opacity. 

Lie considers that the bacillary clusters can disappear without 
leaving any trace and without any destruction of the tissues around. 

Descemet's membrane resists still longer. The nodules which are 
found in the anterior chamber are derived from the uvea through the 
angle of the chamber. 
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In the same manner the episclera and the sclera can he &tfect«<J. 
The frequency of an affection of the uvea is of great importance in 
many cases of leprosy. The commonest starting-point is the root of 
the iris, in the angle of the anterior chamher. 

Lie never saw isolated nodiilea in the iris unconnected with the 
angle. In the ciliary hody the bacilli commonly lie along the pig- 
mented mtiscte fihres, whose radial and circular arrangement is shown 
in the distribution of the bacilli. A spread to the choroid occurs along 
the radial fibres. The free occurrence of the bacilli in the nerves of 
the suprachoroid appears very remarkable, as is also their connexion 
with the vessels of the stratum propriiim and the choriocapillaris. 

Generally the leprous changes in the fhoroid cannot he seen with 
the ophthalmoscope, as they are usually in its anterior part ; and in 
those cases where the choriocapillaris, and with it the retina, is more 
severely affected, the changes which have taken place in the anterior 
segment of the eye are so great that the ophthalmoscope cannot be 
used. As a matter of fact, choroidal nodules are very rarely seen 
in lepers ophthalmoaeopically, {Bistis, Xrnt. /. Aii'j.. November, 
1899; Trantas. liuil. de Cmi'jrU Fran-,: (VOph., 1^99, p. 275.) 

Changes in the retina are uncommon, and not obvious. Occa- 
sionally masses of exudation occur in the ora serrata, and the lepra 
bacilli are enclosed in them and lie in the pigment cells. 

The rest ot the retinal destruction is due to changes in the chorio- 
capillaris. 

Lie found the lepra bacilli in the optic nerve only once, in the 
absence of other changes. 

The lens is often secondarily cataractous, but the bacilli are never 
found in it ; nor do they occur in the vitreous. 

The ciliary nerves are often affected with a leprous neuritis, con- 
sidered by Lie and Levaditi to be ascending. 

In comparison with the characteristic and readily determined features 
of the tubercular form, the iiKiculo-anifsthctic /«nii very poorly repays 
examination, being only available for research in a later stage, when 
the bacilli are no longer to be found in the nerves and the spots. 

Lie, and also Franke and Delbanco, however, were fortunate in 
having the opportunity ot examining a comparatively recent case 
of this variety. In Lie's case it was a keratitis piinnosa. 

In the conjunctiva bulbi there was a diffuse infiltration with 
numerous bacilli, which also lay amongst the desquamating epi- 
thelial cells. 

The anterior three-quarters of the cornea was infiltrated, with scanty 
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spindls-sbaped eloBters of baeiUi between the corneal lamella ; the 
valli of the nev-fonned Teanli were less inTaded bj bacilli thAD k 
nBoall; the case in the taberaolar form. The changes in the iris wen 
lew marked, bat the oiUary body was very rich in bacilli, and vu 
atrophic. The badlli passed from the ciliary body into the ehoroid. 
vhioh abo obtainod some bacilli through the sclera, and from there 
they passed to the anterior part ci the eye. In the posterior part d 
the eye badlli were only found in the optic nerve, and that struetan 
did not show any reaction. 

Nothing abnormal was fbnnd in the retina, optic nerve, and lens. 
Bacilli were fonnd in the laciymal nerve and the ciliary nerves as ih«j 
paued through the orbit. 

Lie conclnded from this case that in the pure maculo-aniestbetie 
toper the bacilli coald live and flonrish for a long time. 

In this case, too, an endogenous origin was probable, as the pannu 
b^sn long after the onset of the dicease. JeanEelme and Moras cdo- 
firmed this view of the endogenous origin oE leprusy in the eye. 
' Francke accepts the view that the lepra ' cells ' which are diagoostie 
in the histology of the condition are not cells, bat are the outBov 
from die lymph vessels. He states, in agreement with Xae.-that ts 
(abercalosis fewer bacilli are found in spite of the greater mftfition. 
and that exactly the reverse is the case in lepro^. 

Eohner, Damsch, and Vossias have made experimental inoenlationi ' 
with leprous material of the eyes of rabbits (Rep. Heidel. Confer., 
1884, p. 27). An exudation formed around the masses introdooed, 
and in it the lepra cells long remained, and were transferable to other 
animals. In opposition to the others, Vossius maintained that in the 
rabbit's eye the bacilli could certainly multiply and pass into the 
surrounding tissues. He also reports having observed a gradaal 
spread of the bacilli into the cornea. 



Tuberculosis. 
We are not concerned with the various ways in which tnberculosis 
can affect the eye. Points of bacteriological technique in the diagnosis 
of the bacilli alone will be considered. In Europe tuberculosis is 
much more important and more common in the eye than leprosy, and 
the methods of its demonstration and its spread can be more shortly 
put. The demonstration of the bacilli in this disease is not possible 
in nearly so many cases, nor is it so easy ; and many cases of tuber- 
culosis are diagnosed clinically and microscopically in which the 
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bacilli cannot be demonstrated. The clinical signa give more informa- 
tion than the bacteriological examination. The inoculation of siis- 
picioua material on a rabbit or j^uinea-pig is much more valuable as a 
differentiating test than is the demonstration of the bacilli. 

1. Inoculation. 

In making an inoculation with material from a superficial lesion, 
the ulcerated part is first excised or cauterized with the galvauo- 
cautery, so that the pyogenic bacteria may not ruin the test. It we 
have to do with compact matter, a portion ia introduced into the 
anterior chamber. It is better not to attempt this operation on the 
luxated eye of the rahbit, as the rise in the tension may cause diffi- 
culties. The eye is cocainized, and then, without fixation — in fact, 
often without any aBsistance whatever — a small incision can be made 
up and out, about 1 millimetre from the corneal margin, the globe 
being merely steadied through the lids. (A deposit on the iris is more 
easily obtained from a peripheral incision, and makes the test more 
delicate.) After the escape of the aqueous, some more cocaine is 
dropped on the site of the incision. In two to three minutes the iris 
is ao ana'sthetic that the material can be introduced with a stylet ; the 
material must not be left too near the incision, as it may be again 
extruded. The lens must not be injured. 

If pure tuberculous material be introduced, the initial irritation soon 
disappears, and when the lest is positive the well-known nodnles 
appear in fourteen days at the earliest, and sometimes only after 
three or four weeks; the nodules are followed, as a rule, by general 
tuberculosis. 

If the material be very friable, it is better to mix it with physio- 
logical salt solution and inject obliquely into the anterior chamber 
after the aqueous has been allowed to How away through the cannula. 
The rtuid can be injected into the peritoneal cavity of a guinea-pig; 
many consider that this latter method gives a more delicate test. 
It certainly has the advantage that much more material can be intro- 
duced, thouRh the former method has the advantage that the resulting 
process can be much more easily observed. 

Gourfein, Morax, and Chaillous recommend, in the diagnosis of the 
tubercular nature of an iritis, that the aqueous be drawn off with a 
syringe and injected into the anterior chamber a rabbit. They report 
positive results. We have definitely shown that this may fail in cases 
whichare certainly tubercular. 

Although the positive evidence is so strong, a negative result is no 
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proof that the case is not tuberealar. I have repeatedly inoeiikted 
the anterior chamber, without result, from conjonotival and laeiyinil 
sac tuberculosis, which, clinically and microscopically^ were typicaL 

In such cases either the bacilli are too scanty in number, or fheii 
virulence is too slight, or their pathogenicity for the animal is in- 
sufficient to produce infection. 

2. EXAHDTATION FOB THE TUBEBCLE BACIZiU. 

{Technique, cf. p. 16.) 

We hardly get the opportunity of examining the conjanotival secre- 
tion for tubercle bacilli in the same way as the sputum. The secretioiu 
from the various forms of conjunctival tubercle, which in this reepeet 
resemble lupus, are shown by the microscope not to be rich in demon- 
strable bacilli ; tears still further dilute them. The examination of 
the secretion for the bacilli cannot be recommended, and is ne^er madei 
A diagnostic excision gives far better results in doubtful cases of 
tubercle of the lids and conjunctiva. 

As Morax has shown, the pus from the lacrymal sac can show 
tubercle bacilli, and thus a tubercular dacryocystitis can be diagnoeed. 
Such an examination can be thoroughly recommended in doubtful 
cases. We cannot expect to demonstrate the bacilli in every ease. 
Granulation forms occur in which there is hardly any aeozetion.^ 
When a secretion is present, and no bacilli are found, it would be vexy 
risky to exclude tuberculosis. 

Pus from a tubercular caries (malar bone), like other cold abscesses, 
may not give any definite result. 

In ophthalmology stained smear preparations are of little value. 

The demonstration of the bacilli in sections (cf, ^ Technique,' p. 16) 
often presents great difficulty, as most of the cases of tuberculosis of 
the eye, especially when they are available for examination, are very 
poor in bacilli. Examination of serial sections will usually give a 
positive result ; the examination of a small number of sections is not 
sufficient. 

When acid-fast bacilli are found in the superficial layers of a super- 
ficial process, the possibility that they are * tuberculoid ' must be 
considered — that is, that they are allied bacilli not etiologically 
identical {cf. * Technique,' p. 17). But when the bacilli are found in 
tissues which histologically show typical tubercular lesions, they may 
be considered to be tubercle bacilli. 

^ Cf. Biol. A'lui., 1907, p. 341, * Haiit-tubcrculose. ' 
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In many eases the characteriatic histology is more important than 
any bacteriological test which can be made. When the other methods 
fail, we must insist on the presence of the typical tubercle, and not 
accept as such a few epithelioid and giant cells. 

A necrosis at the centre is especially important ; slight degrees are 
sufficient tor a diagnosis. 

There is a form of chronic tuberculosis of the conjunctiva and the 
lacrymal aac, in which the picture is not typical, though the tubercle 
bacilli can he found by the inoculation test. Such cases clinically 
present great difficulties in diagnosis; they were described by Wertz,' 
and Sulzer'- (lacrymal aac}. 
Stock^ found atypical appear- 
ances in many stagesof intra- 
ocular tuberculosis of the 
uvea, not only in rabbits, hut 
also in the human eye. 

The introduction of a pure 
culture of the Bacilliin tuber- 
ciilogin into the anterior 
chamber, provided that the 
strain is pathogenic for the 
animal used, produces a 
caseating inflammation, 
which passes on to liquefac- 
tion and perforation. It is 
only when minute quantities 
are introduced that the ap- 
pearance is that of a tuber- 
cular iritis. This inoculated 
tuberculosis of the iris, with its local and general results, is often 
used for the determination of the tubercular reaction (Baumgarten, 
Zimmermann, and later by von HJppel and Sehiek). 

According to the e.\periments of Haenael, Panas, Bach,'' Greef and 
Nakagawa," tubercle bacilli in the cornea produce only slight and 
transient changes. It is interesting to determine which elements 
commence the formation of the corneal tubercles. The fixed corneal 
corpuscles are first affected (Marchand and Goecke, 'Experiments on 

t| Fubniaiy, 1307. 
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^eeoni*), Uie mndering cells take a part later. (lieg&rA'mg tin 
oeeorronoe of the bacilli in primary tuberculosis of the cornea in nun, 
and for the Uteratare, see J. Schmidt, Inaiig. Dissert., Lei|>zig, IWi ' 
Wehrl ooDsidarB that the so-called ' Knotehenformige keratiti; 
(nodalar opacity of the aoinf^ni is tubercular. 

The flzperinientB of La[;i'ange,' Friedrich, \oeske, and jmrticiUftrlT 
Stock, show that, on iojectiun of virulent bacilli into the jugular veio 
of a rabbit, soattered hnniatogenous deposits occur in the choroid of 
botii eyes. In spite of tlie high susceptibility of the choroid, thii 
only-leads to multiple heating nodules. In the iris and ciliary bodt 
the lenons are more severe, and recurrences more readily occur, 
although even here a very free resorption is possible. 

Stodt abowod by tha poddti- nsuU^ of inoculatioD tbnt eveu in this stage at 
NUdirion and ointriutioti bMilli were present in ihe iria tissues, and these. Hiug 
tnoooUted on Mother uiimBl, t...uld cause an inoculation tuberculosis. There mo. 
thanfora, no Atteaiution, nor hh^ tliere any d^atruction of the bacilli, but arniiif. 
stage had been prodnced by encapsulation. 

Theee experimental leenlte eorrespond to tlie clinical fact that ilie choroid is xrtj 
often afbcted in miliaiy tnbereulosiE. They also show to n-hat an eMeat the uiu 
la a rite of election fin tnbercalar deposits. Th^y furnish n variety- ot cUciol 
j^otee ot thoee efaronio deep iuHammalions of the uvea, sclera, nnd coriKS W 
freely etwieq^ndlng to the obacuie cbionic indaiumattons af these structures. loi]| 
ago dee lgn atod by Hiebel ae tubercular, and which have such ^-orinble coiusm. 
tittax hdng quite benign. 

Deyl {AJtad. d. WUttueh., 18H, Pra^ flret dMnonetratad dw aiMgu «( d^ 
tubercle badUl when direetly Introdneed Into the eye. 

Leber and Bmn* (A.f. 0., 1904, IviU., p. 489) prodnoed endoganooa i««jiT . Tn m tiBj 
nodules in the oonjuncciva by the injection of dead badlU. nte nodules did not 
resemble either true tubercles or phlj'ctenules. 

In Stock's experiments the lacrymal gland was often affected by «ndog«>o(K 
tuberculosis. This agrees with my own observation that in milLary tnberculoas in 
man this gland may be the site of a freah deposit ot tubercle, &lthaaf(h it is not 
affected by ectogenous means, even though there may be a long-comiaued tnberni- 
losis of the upper conjunctiva ; the infection seems unable to pasa freely againrt 
the stream. In tuberculosis of the gland the demon atration of the bacilli ie tunaOy 
difficult, aa they are very scanty (cf. Plitt, K. M.f. A., 190S, Beila^ebeft). It i* 
important that it should be carried out on account of the difierentiatioD from manT 
lymphoid processes, 

Id spite of the accessibility of this mucous membrane to the aSx, the inflaenee ot 
endogenous infection in the etiology of tuberculosis of the conjunctiva and lacrvmil 
sac ia even ^eater than that which used to be attributed to external faoton. 

(C/. Lafon, Thise de Bordeaux, 1904 ; Reis, K. M.f. A., February, 1907, slv. both 

papers on ' Tuberculosis of the Bulbar Conjunctiva'; also Axenfeld, Med. Kliiak, 
1904 ; and ' Le Catarrhe Prinlanier,' Paris, 1907 [StemheO] ; and Wirtz, K. M.f. A., 
April. 1907, slv., on ' Tuberculosis of the Lacrymal Sac.') 

' BiUl. du Cmigrca dc la Soc. Frmi;. d'Ophtl,., 1898, p. 96. 
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DuoKosis AND Treatment with Tilercc'Lis. 

Since Zimmermann. A, von Hippel, and Schiek showed the value 
o£ the application of tuberculin in tuberculosis of the eje, its use, 
Tfhich had been considered as ineffectual, has been increasing in 
diagnosis and treatment. For the typical tubercles of the iris, 
about which there is no doubt, the treatment is freely applied. It is 
also gradually being more freely applied to those chronic affections of 
the globe which, though they are not certainly known to be tubercular, 
from their whole course appear to belong to that group which, from 
clinical analogy (von Michel, Manz, etc.), and from Stock's experi- 
ments, can well be tubercular. 

The following points should be noted in the diagnostic injection of 
tuberculin : 

1. Is there any local reaction in the afTenCed organ ? 

2, Does any characteristic general reaction occur? 

Local reaction, recof^lzable by increasod injection, iinin, and an exudation, is 
definii« proof of the tubercular nature of the affection. Unfortunately, this is not 
ten in undoubted cases of luberculosiB. In many of iny own cases only 
t injection occurred. After the iiijectiDn a renewal of the precipitat«s, 
with esocerbation of the iritlc Byinpioms. may occur. This has been observed by 
Michel, Haab, Manz, Uhthoff, Heaa, and Stock. My own experience, nhich agrees 
n-ith numerous other authors, is that this is exceptional.' 

The absence of a local reaction in the cases of tubercular iritis may be due to the 
(act that the necessary conditions were not present, or were so to only a slight 
extent. Wassermann and Bruck were able to prove that antituberculin is formed 
in the tubercular eyes, and that its action on the tuberculin injected causes the 
reaction. When there is no antituberculin present, according to their theory the 
reaction would fail. By others the local reaction is attributed to the injected 
tuberculin increaauig the reaction of the tuberculin already prebent. Others, again, 
hold that the tuberculous organs are especially susceptible to the action of the 
tuberculin. 

When the reaction fails, it cannot be concluded that the process is non- tubercular. 

Under these circumstances the occurrence or the failure of the general reaclioii 
can often be turned to account. The conclusion is, however, very uncertain, and 
the following points crop up ; 

1. Can a general tuberculin reaction always be expected from a tubercular lesion 
in the eye? Is the failure of a febrile reaction to be taken as uieaning that there it 
no tuberculosis in the eye ? 

No delinite conclusion on this point can be formed at present, especially as the 

■ Cf, the collected literalnre to IMS inrlusive, by G. Weiaa. in tlie Znara/bi'ttl /. 
Grcmgebiett dor J/rrf, ii. Chir., 1&08, p. 401, For the ophthaliin»li>glc»l literatnre, »ne 
ZinuuemisDa, BuU. da Cimgr. de la Sac. Fran^. d'OphlK, 1898, p. 70 ; Sriiick. A. /. ('.. 
1900, 1. 2; also Groenmiw, II. AuH., Graefe-Haeniisoh. 1904: Hess, 'TulienuloM des 
Anges,' Leiiidg, 1904 ; A. vou Hippel, J. /. 0., 1904, lix. 1 : ('aniblo and lirovn, Joui. 
Amer. Med. Askc, Octolwr, 1905; IUys«r, 'Sunmelnferat.' A'. V. /. A.. ISOS, i 119: 
a Stock, •Ex\m: u. Klin. Studien iibcr die Tub. rle» Augi.s,' A. /. ft, 1B07, ilvL ; 
evtMAtif - . - 



also Enslia, DtviicAt iltd. }Foelk., 1903, Nm. G and 9. 
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diagntiatic dose uded in ophthalraology ia, is the opinion of many bareterioUd'h 
not nflicieutly large to allow of a deeiaiou aa to whether or not k fireah or Kti<^r 
prognssiva tubereuloaiB la present. Koch and many others conaider that vim 
Knagktive result is obtaiaed the dose in aa adult should be iucreawd to lOioi!^ 
gnuniiips, and only nhcti do ceactiou then occurs should active tuborenloJi i* 
ozolndcd.' 

To luy knowledge such doses have hardly been used in ophtliKlEaolo^- lodx 
Fnibtirg cUnic at lirat we only exceptionally weut as tnr as •! tuilligramioee ; n no* 
InerMse to 10 milligrimiinea, and in many caaes obtain a positive result. 

Tlwro are appenrancea which, throughout thsir whole course, givp the ii 
of hiberculoaia, hut occur in persona who will tiot react to tuberculin. An 
tubercular or not ? 

It b of great Importauce to lake notice of this point. A case of tuberculosis o<d» 
4ja, ooniirtiicd either by inoculation or by histological examination, which wtniU 
glra Ho reaction even with these large doses, would be of great \~aJue in settlii^ lliii 
qoMtion. 

3. The second tiueation is, Having obtained the geoeral reaction, to what enen, 
and Witli what degree of certauity can wo conclude that the case is one of mberw- 
j]di a[ the eye, there being no local reaction ? 

Conaidering the enormous prevalence of tubercular lesions in other parti,- it 
poidble that a <;eueral. reaction may occur, even though the eje condition h nut 
tubercular. I! ihs clinical appeanincea of tho eye ore very suspicious of tubercle, 
tbie luapicjoa will be very much atrongthetied by the general reaction beinj 
podtiTe. But without a local reaction we can only assert agreater or leas probabtliV 
MM»ding to individual judgmcut. In spite of this, when other means have Ml 
hod the desired result, we may carry out the tuberculin cure, so as to provide fix 
a poetible etiology. Many valuable results are thus obtained in cases of ebioiA 
nveitife, and ihey are the more permanent the longer the treatment has bem 
oanried out. Becurroncea are. however, not excluded. 

The following are the methods of diagnoBis and treatment used in ] 
the Freiburg clinic, which have been elaborated by Stock on the basis ] 
of the work of A. von Hippel : 

I. Tlio Diagnostic Injection of Old TnberciiUn (Koch). 

The whole body should be examined before an injection for taberde. If u 
active tubercular proceaa, of the lung especially, be found, the diagnoetio injeetjos 
should not be made, on account of the danger of a renewed outbreak of the disease. 
The two-hourly temperature should be taken for two days before the injectioiL 

If there should be any abnormality of temperature, an injectdon cannot b* 
recommended. 

The beat time for the injection (1 milligramme) is about eleven o'clock in tba 
morning, when on evening rise in temperature will not interfere with that of tbt 
reaction. 

The two-hourly temperature chart is continued after the injection. 

' This is also of importance in the decision of the question, To what extent c«a the so- 
called phlyctenular (ec^emstous) changes occur in non- tubercular patients without the 
sci-ofiduiis diathesis. Beuchlin (A.'. M.f. A., 1606, i. 352) did not obtain any ti)bacnl« 
reaction with 3 minigramnics in some of these cases, and therefore concluded that tbn 
were non -tubercular. We have had a i«tient ia the Freiburg clinic with kento-oonjiiK- 
tivitia pill vctenu loss, who only reacted wlien 10 milligrammes had been given, bnt^Ud n 
very acutely and typically. Further leata ai'e necessary. 

' Xnegeli examined 100 bodies in Zuri<.'li, and found tubercular changes in 90 per o^ 
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The rise in temperature will c 
must, therefore, be taken at five o'clock. 

The height of tbe reaction occurs from eighleen to tn-coiy-tM'o hoiira after the 
Injection, Rises in temperature may occur for forty liours. An interval, therefore, 
of forty-eight hours muat intervene between two injections. If there be no result 
Irom the first injection, after two days Q milligrammes are injected. 

"t a slight objective or subjective reaction lisB been obtflined. which cannot be 
called positive, another 1 milligrauime should be injected after forty'eight hours. 
Only after this injection has a negative result should we proceed with 5 milligrammes 
and 10 milligrammes. It itill no marked reaction occurs, the result can be considered 
IS not positive, but by this the tubercular nature of tlie process is not excluded. 

A general reaeiion is considered as positive when — 

1. A rise ol teruperature to at least SiS" C. (99-5 ' F.; occurs. 

2. There is a well-marked subjective reaction, such as headache, nith malaise and 
loss of appetite. 

In a tew cases a local reaction in the eye, consisting of a severe ciliary injection, 
and an increase of the inflammatory symptoms occurs. The injection fluid used 
i; a solution of 1 c.cm. of old tuberculin, SO c.cm. phenol, and 100 c.cm. of distilled 
water : ^, c.cm. of this lotion contains 1 miUigrunime of the old tuberculin. 



n. Therapeutical Injection of tbe New Tuberculin T.B. 

Jlethod of von Hippel : 

The first dose is n,^^ milligramme of the dried substance. A second injection is 
made every second day, and at each the dose is increased by . J^ uiilligramme. VTheu 
^Qiuilligrammeisthusreached, the increment israised to j'g milligramme, and from 
}: milligramme onwards the increase should be ^ milUgramme. ahvays provided that 
tbetemperaturedoesnot rise aboveUB'C.llOO'SO F.I. More than Imilligrammesbould 
not be pven. This dose should be continued until the disease is completely healed. 
If the temperature rises above 86° C. with a smaller dose, ih&t dose, or the next 
lower, should be repeated until there is no reaction. 

In 1898 Zimmermann. as the result ol his experiments, stated that the initial 
dose should be s^q milligramme, and that it should not be raised above 0'02 to 
0-08 milligramme. 

In many patients the dose cannot be increased to 1 milhgramme. 

The individual maximal therapeutical dose tnuet be discovered for each patient >- 
that is to say, that dose which will just avoid a reaction. Such a dose n-ill con' 
tinually change, as the patient becomes used to the medicament. It should also be 
noted that the susceptibility of the body at first rises — that is. there is a cumulative 
action of the drug. 

Tliree solutions of increasing percentage are used as injections • 



1 



III. 



I : 10. 



A. Beginning with^^ c.cm. of solution I. (nj^ milligTamme), the dose is increased 
by 1^ c.cm. (jjiu railligramme) up to 1 c cm. {j^ milligramme), 

B. ^ c.cm. of solution II. (^ milligramme) is then used, and this dose is 
increased by ^ c.cm. i-^ mltligramniei up to 1 c.cm. (1 milligramme). 

C. Continue with \ c.cm. of solution 111. it milligramme), increasing by ^ c.cm. 
(]^ milligrammei up to 1 c.cm. (1 milligrammel. 




Hslhodoi pri<pat iii||( the eali 
Ona o.an. of the tuberculin as 

Solntion I. iyO-2 o.ciu. o/ the original solution + 10 o c 
„ 11. (t-2p.cm. „ ., + 10 c.ciM 

„ III. rOe.ri.i. „ „ + lOc-c 

liie tnbsmilin content of th« solutbns refers to ibe solid substance. _ 

Fvfeotly thar nnd fresh Bolullons shoiili! ftlooc' be used. Solutions whidi B 
older than (cnirteen lUvs are clouily ond no Ioniser «fiicieiit. 

Von Hipjiel and many other ophthalmologists state that, fo1lo«rui^ 
tliia plan, & euro can generally be arrived at, and that it can be doDt 
without any rink of damage. The good reeulta which have been reconlfii 
by ditfermit authors ^ue so numerous that many see no Deces^ityic 
control the treatment by complicated bacteriological methods. 

Sooh an exteneion of the treatment is strongly recommended by 
Wright, the introducer of the ' opsonin theory," and by many EnglUh 
prutiUonflrs. They insiBt that continued tests should be made to v^ 
whflthdr tile tuberculin hiis raised the opsonic power of the hiooii- 
aertim of the patient, or has maintained it iit a high level. 

On account of the interest which Wright's teaching haa aroa=ed, 
and the increaaiug attention which it is receiving, I will shortly giw 
the principles underlying it. 

The tuberculin is injected with the intention of producing an increased reaction is 
the blood,' And a cumtivc ettect in the diseased focus. Wright att^tnpLcd M 
influence local infections of vAr^in); orjijin by introducing the dend obus« of lb> 
inflammation into the blood- st re hqi. and thus indace the formation of antibodin. 
especially to c.iuse ml increase in the |i)i™gocytic action or ' opsonic power.' Tbe 
diseased organ, whii^li cmitiot form nntibodies for itself, is thus Assisted, aud healins 
is promoted, li is an uctivu bactericidal iiumunizucion with dead bacterid aaeii si 
has nlready been discussed in reference to poeuwococcsl seram treatment, whicfa 
obtsins in those infections where no antitoxic serum treatment (as is possible io 
diphtheria) con be carried out. 

Wright describes methods by which the phagocytic power of the body, and its 
variation when tuberculin or dead cultures— vaccines — are injected,can be mMflnnd 
and controlled. 

By ' opsonin ' Wright means that substance in the blood which, coming into 
contact with the bacteria, so changes them that they are taken Dp by the pob- 
nuclear leucocytes and destroyed. The normal serum poseessea a certain ■unn nnt 
of this opsonic power, varying with the individual and the particular bacteria. 

When an infection occurs, this power will fait under the influence of the baeteri* 
which have entered. When the infection is not too strong, there will be a [«actiDD 
and an increnaed production of opsonin (a substance belonging to the group of the 
' bactericidal ' antibodies). When the infection has passed away, or baa been ovw- 
come, the opsonic power of the blood is higher than it was at first, and above tbt 

' Antitulici'ciiliTi iM fouud in the circulating hlood after the injection of tnberenli* 
though it does not oeciir there in cattes of loeali2,:d tuberculosis (Wsssennann and Bnidi). 
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normal. This ia especially the case for an immunized animal. Immune serum 
taken from such an animal, on accoucc oE ita opaoniu coiilenU, has tb« power of 
rniaiiig [he opaonio power of another individaal, thus cnuaing a pasaiva immunity. 
bimilarly the body wiU itself actively farm opaonin when ainall doses of dead 
bacteria are mtroduced into it. 

The new tuberculin (Koch) containa broken-up and deati tubercle biicilli. 

II a amall dose be )n)eoted, the phagocytic power ia reduced by the poison intro- 
duced, as is the case for all inji'ctiona of this kind, and a negative opsonic phase 
begins. This will be followed by an increase in the formation of opsonin, pro- 
vided that the infection be not too severe. Tlie phagocytic activity — the opBoaia 
power— increases, and the conditions are in geaaral more favourable for the healing 
of the lociil affection in question. 

Wright lays special importance on the hypothesis that no new injecllon should 
take place during the negative phase or period in which the opsonic power is 
jiinking, otherwise this power may be successively reduced. Only during iho 
positive phase is a new dose to be injected, and the amount should be regulated 
according to the 'opsonic index.' 

The term 'opsonic index' is used by Wright to mean the proportion between the 
opsonic power of the individual affected and that of a normal man. It is deter- 
mined in the following manner : ' 

1. I'nder aseptic precautions some of the blood of [he patient is drawn off in 
a capillary pipette and centrifugalized. The cell-free serum is collected. 

2, Blood is token from a normal individual, mixed with isotonic 10 per cent. 
oi[ratB of soda solution to prevent coagulation, treed from serum, and then 
ivnsbed with saline. An e<jual c|uimtity of the sohd elenienls of the blood (red 
and white corpuscles) is added to the serum obtained in process |1] from tlie 
patient. 

An equal quantity of a dilute suspension of the bacteria to bo tested (here the 
Bae. Iiibcrcutoaiij is then added. 

The mixture (patient's serum, normal corpuscles, and bacteria) ia then placed in 
the incubator for fifteen to twenty mmutes at 37' C, From the mixture evenly- 
spread smears are made, dried, enrefully fixed in the rtaiue, and stained. The 
polynuclear leucocytes ore exauiined in various fields, and the number of bacteria 
contained in 60 to 100 of them is determined ; the leucocytes tend to collect at ou« 
end of the preparation. The number of these bacteria divided by the number of 
the cells is the ' phagocytic index.' 

An exactly similar examination is made of the serum of a normal individual, 
and the phagocytic index then ob[ained is compared with that of [he patient. 

Phagocyt^ indeT of the patient_ ^Qpsonic Inmx. 
Phagocytic mdei of a normal man 



opsonic power of the affected person infornu us whether 
' lowered. The index muat be worked out for the individnst 
it be made by the same person, so as to reduM 



This opsonic index i 
the resistance is raised 
bacterial strain. A 
the personal factor. 

The ' opsonic power ' con be raised by the various methods of inuuunizing — the 
injection of immune serum (passive), the injection of bacteria or their toxins 
(ae[ive) — which can induce in [he body the active formation of antibodies, in ihia case 
opsonins. In the discussion uf the pneumococcal serum treatment (p. 331) it has 
been staled that the action here is not a direct bactericidal one, but a ' bacteriotropic ' 
(Ncufeld and Rimpan). This view corresponds to a great extent with the • opsonic ' 



' For fiirtbei- delnils, aro llir piiMi^slious of Wright i 



id his pupils. 

as— 3 
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theory of Wright. The same holds, to a greater or less extent, for immunizarion 
and treatment for Streptococci, Staphylococci^ Gonococci, and other organisms. 

By the injection of small ^oses of the dead bacteria, Wright sought to increase 
the opsonic power, and thus to produce general and local cure. As fur as possible 
the organisms used were taken from the patients themselves, with the great advan- 
tage that the vaccine was suitable to the cause of the disease. From patients with 
furunculosis or acne the Staphylococci were cultivated from a pustule, cooked to 
60** C, and then in small doses injected hypodermically — a method of treatment 
which is very highly thought of by many, and one which can be used for chronic 
cases of blepharitis ulcerosa, etc.^ 

Wright does not now insist on this for the Staphylococcus ; he does not consider 
that the race differences are so important in the case of this organism. For 
Pneumococcus and Streptococcus^ however, it must be taken into account. 

With regard to tuberculin treatment, Wright has come to the con- 
clusion that very small doses are sufficient to raise the opsonic index 
to its maximum : Trnyzr to mrVir of a milligramme is sufficient to produce 
a reaction, and a larger dose is not necessary. The dose should be 
repeated every three weeks. It is still to be proved whether such a 
dose is sufficient in tubercle of the eye. From the clinical point of 
view it is quite certain that von Hippel's method of dosage, already 
described, has been innocuous in many cases, and has given many 
good results in ophthalmic practice. It would be very interesting if 
the opsonic index of a case treated in this way was worked out, to see 
if the clinical course of the disease might be compared with this 
varying power of the serum. It would then be obvious to what extent 
the purely clinical dosage was correct from the opsonic standpoint. 

It is impossible in every case to carry out such complicated and 
tedious processes as are necessary in opsonic work, especially when 
skilled assistance is not available. When a sufficiently large number 
of cases have been worked out, the correct dosage may be ascertain- 
able, without the necessity of always controlling it by the actual 
opsonic index. It must first be shown whether the bacterioscopic 
results furnish a reliable index of the progress of recovery in the 
various forms of tubercle of the eye.'- 

Certainly Wright's method of scientific estimation and control of 
active and passive serum treatment (ejj.. in pneumococcal serum 
treatment) deserves further and more extensive application. 

^ Nias and Patoii (Lancet, 190fi, p. 1500) liave detnimined the opsonic index for tu^'-i-I' 
in cases of phlyctenular eye aHVctions during treatment (local and >.'ereral. but ii*.: 
tuberculin;, and state that, on the healing ot uh-er^, the index, whicli had at fii^t I-hi 
ver^^ low, rose ; the index tor Staph iiJor^fri in these jierson^^ was from the tirst uiicliaiiLrfl 

- It ih poH<il)le that in the positive idiase. which Wright states to be the time Miital '.: 
for further injections, the freshly introduce<l tuberculin may Ite attached to tin- aiiti 
tuberculin already present. 
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Syphilis. 

L'ntit ihe present syphilitic lesions of the eye (hai-cl sore, secondary 
and tertiary affections) have given no opportunity for their bacterio- 
logical examination. If the Siiimclnela palliila is confirmed as the 
caiise of syphilis, and the signification of the silver impregnation 
method be eatabliBbed, the determination will be of enormous value to 
the opbthalmologiBt. 

Zur Nedden and Puccioni found Spin/duetie in the fluid drawn off 
from the anterior chamber in acute iritis (Heidel. Congress, 1906, 
and [.a Clin. OcuL. 1906, vii., p. 2G8'2) ; and Stephenson (the 
Ophthalmoscope, 1907, p. 143, 'The Cornea in Keratomalacia in 
Syphilitic Children '), Stock. Peters, Eomer, Bab, and Stargardt, 
have demonstrated the Spimchitta in the cornea of prematurely born 
syphilitic children, using the silver method of Levaditi. 

According to Stargardt, the Si<iri'cli<elii; are freely found in the 
deeper layers of the cornea in syphilitic children. They are best seen 
in tangential sections, in which they are often arranged in parallel or 
crossed rows (with them wandering cells tend to invade the cornea). 
In stillborn cases, such as that of Bab's, a post-mortem impregnation 
from the amniotic fluid, or from the interior of the eye, was possible. 
A deep ring infiltration in a syphilitic child examined by lieis showed 
no SjiiroclueUe. Perhaps this keratitis was only a toxic reaction 
caused by the amniotic fluid. 

Bertarelli {ZentralUati, liJOti, Beibeft. S. Ill) injected an emulsion 
of a chancre into the anterior chamber of a rabbit, and in fourteen 
days was able to demonstrate numbers of Sjnroclnetin by the silver 
method. They lay between the normal and infiltrated portions of the 
cornea. 

In the iris no iSph-'ich'ttie could be found. A pure corneal infection 
(hy a pocket} did not give a positive result. In a further paper 
{Centr. /. Bald., Orig., sviii., lt)07, p. 448) BertarelH states that the 
virus can be transferred from one cornea to another, and that the 
virulence rises. The inoculated virus produced syphilitic symptoms 
in apes, and in the end was pathogenic for guinea-pigs. 

Scherber inoculated the rabbit's anterior chamber, and obtained a 
deep inflammatory reaction in the cornea, resembling a keratitis 
parenchymatosa. Small nodules had previoasly formed at the 
pupillary margin of the iris {U'l''n. Klin. MWi., 1906, No. 24). These 
results are open to the objection that the .Spin'ch.ftie demonstrated 
may only have been those originally injected. In the e.>:periments of 
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Greef and Clausen {Deutsche Med. IVoch., 1906, No. 36) such a small 
quantity of material was inoculated, and the SpirocJuetce were found 
in such numbers in all the layers of the cornea that an active pro- 
liferation must be admitted. (Their inoculations consisted in scarifying 
the iris with the injecting needle, in rubbing syphilitic material into 
epithelial wounds, and in introducing small pieces of material from 
buboes into the anterior chamber.) In the eye into which the piece 
of tissue was introduced a central corneal perforation occurred ; when 
the other method of inoculation was used, a deep keratitis occurred 
after five weeks' interval, and numerous spirals were found in 
tangential sections (Greef and Clausen quite exclude all possibility of 
the appearances being due to fibrous tissue or nerve-endings). 

Further confirmatory inoculations of the same nature are recorded 
by von Growven (Deutsche Med. Woch., 1907, Yereinsbeilage, p. 911). 
Tomaczewski (Munch. Med. IVoch., 1907, p. 1023). 

The experiments quoted^ show that it is possible to infect rabbits' 
eyes with syphilis. Haensell {A. f. 0., 1881, xxxvii., 3) described 
such inoculation changes clinically and histologically, and Schultze 
(A^ M. f. A., 1905, Bd. ii., S. 252, and Bed. Klin. JVoch., 1906, 
No. 82) experimentally j)roved and recorded its inoculation. In one 
respect the inference from his experiments was quite diflferent from 
that of the former authors. He does not report having found the 
Spirocheta, which, with Siegel and Saling, he considered a casual 
contamination, or else an artifact in the connective tissues (silver 
Spiroehcetic). He reports finding the so-called Cytorrhyctes lui.^ 
(Seigel). For the details of Schultze's paper, the original in the 
K. M.J. A., 1905, must be consulted. 

Weighty reasons are given by Levaditi, Gierke,- and other com- 
petent authors for the rejection of these arguments of Schultze and 
Salings. Their statement that more attention should be paid to 
nerve fibres in silver preparations is quite right. 

Preparations are made of the exudations from the tissues, or the 
tissues themselves, hi the case of non-ulcerative processes, we can 
aspirate or apply a vesicatorium, and then use the contents of the 
vesicle produced. 

SpirocJtcet(e have only been found rarely and sparsely in gummatous 
lesions. When the Spiroch(et(e have uudergone an alteration for a 

^ Schueht (Munch. Med. Wuch.. 1907, p. lid, l»y corneal and antenor chamber inocu-i 
tions, often obtained a keratiiis parenchymatosi after ninete(ni t" forty- thive days. liiTi> 
could l»e developed froiri the anterior chamber, and also from the vitn-ous : later, a kei^titi- 
I>arenchyniato^a, witli Sitirochata (according to Giemsa and Levaditi;. resulted. On several 
occasions gummatous or condyhtmatous ehaugc> weif devi-loped in tlie iris. 

'^ Berlin. Klin. Jf'och.j 1007, p. 7r>. 
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generation, it is possible thnt they, tike the Tftijiamo 
show theiv usual form in many of their stages. 

SfiirocheUi- are scanty in the Giemsa prepiiratioiis : a considerable 
number of them must therefore be Btained and examined. In 
superficial proeeseee, according 
to Schaudinn, another S/ijr"- 
clurtii is occasionally found, the 
Spivoclnrtn })rrjring<iis. Thi:-, 
stains much more clearly ^ith 
the ordinary aniline etaius, and 
with the Giemsa method is blue: 
and has no tlagellte. 

According to Schauiiinn, the Spiro- 
cliirla jtallida in between 10 nad 10 u 
in length (by the silver method still 
longer spiiiils can be found), and of 
Atx even breadth of only j f. The ends 
aru pointed, and have each a ciliuiu. 
The coils are sharp, regular, filiort, and 
about 1 li long,' (For methods, sct- 
' Technique.') 

Positive inoculations can be 
made on aiies : the skin of the 
eyebrows and the lid margins, as well as the genitals, is specially suit- 
able for inoculation. The surface is scarified, and the syphilitic material 
is rubbed in. Iji two to seven weeks a hard sore results, and the 
usual symptoms follow. 




CHAPTER X 

ENDOGENOUS INFECTIONS 

Endogenous Infections of the Coivjunctiva 

{Cj\ section * Conjunctivitis , General,' p. 108). 

Endogenous Infections of the Cornea. 

The avascular cornea can only be reached by the pyogenic organisms 
from the blood-stream indirectly. An isolated corneal metastatic 
abscess, in the sense that such an irritant can settle down and show 
activity in the transparent cornea away from the margin, is impossible ; 
the organism produces its irritation at the spot where it leaves the 
walls of the vessels. It cannot spread into the avascular tissue of the 
cornea, and then form an abscess at some distance. 

On the other hand, it is quite possible that the cornea may sup- 
purate from a septic embolism of a marginal vessel, as in the case of 
streptococcal sepsis anatomically examined by Leber and Wagen- 
mann.^ Michel reports a similar case. A suppuration of the cornea 
is also possible as the final event in a panophthalmitis resulting from 
metastatic infection of the interior of the eye. A ring abscess of the 
cornea may develop, even when the bacteria are not in the anterior 
chamber, if the site of the suppuration is deep, and the toxic action is 
conveyed by the aqueous. I have seen a case of commencing suppura- 
tion of the cornea, due to a remote agency, in which an anatomical 
investigation showed that the Pncinnococcl were restricted to the 
vitreous and the parts behind it. In other cases (and this is always 
the case in actual suppuration) the pyogenic bacteria are active in the 
anterior chamber ; this occurs at an earlier stage when septic meta- 
stases have taken place in the iris or ciliary body {cf. Morax's pneumo- 
coccal case). Saltini's- anatomical examination shows that the 
organisms can finally destroy Descemet's membrane, and penetrate 
into the substance of the cornea. 

' A.f, 0., 1S8S, xxxiv.. I, p. 2o>l. - Pidss'-'jiui <U >Scicmc Mcd.^ 1694. 
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In these cases, just as in many ectogenous iofectiona of tbe 
cornea, the clinical appearance ot a ring abscess results from tbe 
concentrated action of the toxin from behind on the central layers of 
the cornea. 

In benign and milder cases of metastatic ophthalmia we naturally 
can have minor corneal affections. 

That peculiar affeclion of early life tbe ulcus corneEB internum, 
which appears clinically related to keratitis parenchymatosa, and 
leads to secondary hydrophthalmos, is referred byE. vonHippel'to an 
endogenous infectious action from behind. The type of vii'tis which 
causes the lesion is not determined. It cannot be any of the known 
pyogenic organisms, as these could not tail to produce severe intra- 
ocular changes it they acted so destruetively on the cornea. (Tbe 
mleresting researches of Leber and Addario- show that intra- uterine 
metastatic changes can occur in tbe eye. They found a suppurative 
inflammation, apparently commencing from the retina, in the eyes of 
two newly-born goats, and in the exudate there were many Gram- 
positive bacilli, showing polnr staining, which from their shape 
evidently belonged to the group of the pseudo-diphtheria bacilli.) 

Keratitis parenchymatosa^ ia a chronic endogenous inflammation 
of the cornea, and is much more important ; the most important factors 
in its etiology are syphilis, tuberculosis, and leprosy, and these are so 
important that it is a matter of dispute whether in those cases which 
have been ascribed to other agencies a combination with syphilis or 
tuberculosis was not present. 

"VVe have to consider whether this condition is due to a pure toxic 
action or to an infection of the cornea. The old idea, which was 
supported by Panas, that the whole affection was purely tosic, and 
the result of a general dyscrasta, without the deposition of any 
organisms in the eye, was shown to be unlikely when Michel, Bongartz, 
Bach, Zimmermann, Burstenbinder, and E. von Hippel proved that 
in the tubercular form actual tubercles were formed in the cornea.' 
The examination of the syphilitic cases for Sjiir-'chietn- may throw 
light on this subject Stargardt, Bab, Peters, and Eomer^ have 
demonstrated the Spiruch.elie by the silver method in the corneie 

' -Dm Uluns Coroeie Inteninm,' J"«to(A./. A. i-on Hippel, Halle (Marhold), 13B8. Pelera 
(f. M.f. A.) oonsidera that tlie coudition U due to ■ failu-e iu duvEloimient. Uippet'a 
fioilinga can qoitu ncU have tieen due tn iolUriiniatiou. 

' A.f. 0., ISW, xlviii,, 1, p. 1B2; ef. alio Hoppe, A./. A., xliv., y. 225. 

* For )it«ntnre, we aec. - Patli. dfs Augce,' LiiUam'h-Oatertag, 1894-99, Axunfeld ; 
1^00-1903. Stock ; alto Disaartatiua by Rabiger, Rerlin, 19Ui}. 

* Wehrti coDiiditra that 'DodnUr o|«crit; of the i?oniea' is a tabercular fonii of lapa» 
(Z./. Z, 1905, liiL 322, and A'. ^/./, A.. 1900, M. ii. ; nlao Hflidel. Congr., 1907), 

* See O/JM. OtMllxh., Heidelberg, 11I04. 
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of oongBniial syphilitios, tiiongh not in caaes of marked interatitul 
keratitis.' Bde was unable to demonstrate their presence in the 
' eomea of a new-bom syphilitic suffering from keratitis annuUiii 
parencbymatosa. 

Tbe inocnlatioD experimBnts on the cornea of the rabbit (c^ secdon 
' Syphilis,' p. 857) indioate that the Spiivchteto! can settle down in a 
cornea which is still intaot clinically, juet as can tlie lepra bacilli. 
CtffiBrent conditions obtain for these pathogenic agents than are presect 
in tbe case of tb« pyogenie. The lepra bacilli (and perhaps also the 
B. iwherculoiia) can leave the vessels and spread into the avoscnUi 
eomea without the localizing action o! an indammation, and withoat 
prodoeing any cbaoges at the site of entrj'. Theae organisms appear 
to be able to collect in a cluster in the transparent tissaes, and thuf 
form, away from the mai^n, s. nodular opacity, which later becomes 
vaseolarized. This condition is especially associated with a toiiv 
action from the aqneons, oorreBponding to that obtained in the experi- 
ments of Leber, Mellinger, and others who produced deep inflamma- 
tion of the eomea by injection of toxic material into the anterior 
chamber, and also by mechanical irritation of the endothelium. 

Stock has shown that parenchymatous inflammation can occur from 
the toxic action of the infeeted arjueous ; in his experiments tubercD- 
loeis of the iris was accompanied by a simple inflammatory infiltratioo 
of the eomea. It remains to be seen to what extent this is the esse 
in man, and whether, in those cases where there is no diSTiise cloudi- 
ness, but only a well-marked deep keratitis, we really have to do with 
a corneal infection. Elschiiiy's researclies- regarding recent keratilig 
parenchymatosa syphilitica show that the central, deeply -placed 
infiltrates need not have any connexion with the anterior chamber. 

We can quite understand how motile organisms — e.(f., .Sptmchata — 
can wander in and concentrate in the avascular cornea. It is more diffi- 
cult to explain in the case of lepra bacilli how a cluster can occur in Ibis 
situation (c/, section ' Leprosy,' p. 340) ; we can hardly consider that 
there is a centrally directed lymph stream (Gruber, Leber). Perhapt 
the fixed cells of the part may have a phagocytic aetion. 

Some recent researches are of especial interest regarding this point; 
Stock,'' Eomer,* A. Leber, Stargardt,' Moras,* have experimentally 
produced a parenchymatous keratitis by infection with TFypanoBOnUi, 

' The kaioiis found in nmceiated or stillborn fiutusea are not conclusive erideucr vith 
regard tu intra-vituiii locolizution and distribution iC an atfectioD. Cf. casea by SebliiDpert 
{Aiilad,,- Hal. IVoch., IBOO, i^i. 1942) and Bab (i6W., p. 1916). The conolusiuna wMi 
these authors draw from their hndiiijts are not free ft-om ftllacies. 

- A.f. v., lltOS, Ixii. 481. 

» Oi>hth. CouB-, HcideL, 1906. * Ana. d'Oml., 1906, cixxvi. 437, 
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tt protozoon belonging to the group of the Fiagellata', and whicii, 
according to Scliaudinn and otbei's, is closely related to the Si>ir-- 
rltiftit:. In this we have discovered a means of producing keratitis 
parenchymatosa experimentally from the blood ; with it is associated 
a severe inflammation of the uveal tract, especially of the iris and the 
ciliary body. Stock has demonstrated TnipaifSninn hrnvi in the 
aqueous of dogs ; he also found them in sections of inoculated mice, 
but not in the cornea. In these cases the keratitis appears to be due 
to a toxic action of the aijueous. in the same way as was the htema- 
togenous tuberculosis of the iris in Stock's experiments, Stargardt 
found the Ti\ evantii in the cornea of the guinea-pig, and Morax 
reports similarly on the Trmmtummu in the goat. Stargardt states 
that the Tr. ct-annii, like the Si'lrncluela pallUla in syphilitic infants, 
when occurring in association with an iritis, is most commonly found 
in the deeper layers of the cornea. Stock, on the other hand, has 
since found the Ti\ lirucci in the anterior layers of the cornea without 
an iritis. Keratitis can occur alone, due to the TryiMwuiiiiia [Ann. 
<Ir rimtit. I'astnn; January, 1907, xxi. ; Miiix-h. M.-l. W.;-h., 1SI07, 
No. 21 ; .S.ic. .rOphth. (h- I'urh, March, 1907.) 

la sraear prepumtioiiB from the aqueous or from Ilie blood, the demonstration of 
the Trypaiiotoma is best aecomplialied bv means of the Oiemsn stain {e/. ' Tech- 
nique,' p. ISl. In sections it is heal lo use ihe pol^'chrome methyl-blue method 
(Stargnrdl stains for twelve boucs, rapidly dries, aJid then immer^s in nbsolute 
alcohol for n very abort time;. The most certain metliod h ta inoculate a 
mouse ivich the material (aqueous flutdi. and Inter to examine its blood for the 

It was known, as Stargardt and Morax have ahown, that not only 
blepharoconjunetivitie, but also severe inflammations of the globe, 
occur in diseases of animals, which we now know to be due to Truj'aiu.- 
ei'itiu (Nagana, Surra, Suma, Mai de Caderas, Hourine, the Syphilis 
of horses). Morax reports that he found many Tri/paii«it"iiiif in the 
secretions of this form of conjunctivitis, when not purely secondary to 
an infection of the globe; Stargardt only found the organisms in the 
tissues. The results varied in different animals and in different 
Trtipan'-soiiue, similarly in the inflammations of the globe, which 
usually occur several weeks after an infection. 

In steeping sickness, the trypanosomiasis of man, such changes in 
the eye have never been observed ; there has been at most a lid 
(edema. By direct inoculation of the virus of this disease, the 
Triipaii<-.i"iH'.i 'lamhiriisf, into the anterior chamber, Rijmer and Leber 
have produced keratitis parenchymatosa. The method of action from 
the blood-stream has not been determined. 
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Seeing that the Trypanosonue, according to Scbaudinn, are closely 
related to the SpirocJuetce, these experiments are of great interest in 
the discussion of syphilitic changes. Spielmeyer (A'. M,J\ A., i. June, 
1907), working with Trypanosoma, has produced changes in dogs 
which closely resembled tabes and paralysis, and in which a well- 
marked optic atrophy could be demonstrated. 

LITEEATUEE OF METASTATIC COENEAL ABSCESSES. 

AxENFELD, A. f. 0., 1894, XL, 8, S. 89. 

FucHS, A. f. 0., 1903, LVI, S. 1 (previous literature). 

V. HiPPEL, E., Das Ulcus corneai internum. Festschr. f. A. v. Hippei.. Sammlung 

zwangl. Abhand., Marhold-Halle, 1899. 
Leber- Wagenmann, A. f. 0., 1888, XXXIV, S. 251. 
V. Michel, Discussion on Axenf eld's communication, Naturforscher-Vers. Niimberg, 

1898. 
MoRAX, Ann. d'ocul., 1904, CXXXII, S. 409. 

Endogenous Inflammation of the Globe 

(Metastatic Ophthalmia).^ 

Although purulent inflammationsr only differ from non-purulent iu 
degree, and although we know that the causal agents of the former 
under special conditions can cause non-purulent, serous, or plastic 
inflammations ; yet the purulent hematogenous inflammations arising 
in the eye can be put into a special class, for we know with certainty 
that in every case pyogenic organisms have settled down in the 
affected part of the eye. We cannot infer, in an endogenous purulent 
inflammation, that the toxins, which were circulating in the blooJ, 
have settled down at one spot ; the hypothesis that such a microbe- 
free metastatic ophthalmia exists is quite without proof. 

The fact that in this or that case no organisms could be found in the ffloU 
is not conclusive, for in many cases the germs rapidly die out in the exudates,-^ :ma 
in others their microscopic demonstration is difficult, and perhaps it has not becc 
attempted at the right place. The whole mass of the exudate need not be septic : 
for example, sterile pus may form in the anterior chamber, due to the distant in- 
fluence of infection in the vitreous. 

The experimental examination of apparently endogenous toxic wound suppur;- 
tion is not conclusive ; we have shown this in the section on ' Wound Infeciicn 
(c/. p. 10;3). 

The question — Toxic or bacterial metastatic ? — is more difficult in tht 
case of the milder endogenous inflammations, which are non-purulent. 

' The eollLcted oldt-r litcratuie is giveu liy Axeiil'eld. A. /. 0., 1894, xl. 3 4 • a'-' - 
• Kigebiiisse,' Lubaiat'li-OsttTtag, lSy5-lJ00, Axenfeld. 
- Cj. lalvr, p. 307. 
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Localized inflammations in other organs (joints, kidneys, etc.) are 
recognized as due to circulating poisons, and the gontj- affections of 
the e;*e are of chemical nature. 

From these examples of endogenous inflammation from the localiza- 
' tiou of some definite poiaon we cannot draw any general eonclufiions 
regarding other poisons. With regard to infectious diseases, and the 
participation of the eyes in them, it is stil! more important to consider 
each infection by itself, Ap to the circulating toxins of the septico- 
pyremic conditions, we only know that they will produce certain 




a di'goueraled it 



•i surroundcil iiy pliagoeylp 



changes in the eye, the so-called retinitis septica (Roth), consisting in 
hiemorrhages and nodules of swollen ganglionated nerve-fibres and 
fatty degenerated cells.' 

Axenfeld and Goh have shown that hyaline and laminated throm- 
boses may be formed in the vessels of the choroid and the retlna.- 

' In exceptional cases of lyjihoirl (Paul, A", il. /. ^., Julj, Angusi, 1WI8} jjute toxic 
chauurj in the retitia occur. In elune Bssociutiou vitb tliese (armt ol Hijnic retinitis ari' 
tliB ehang«s which oocar in ni>ny of ih<^ «evere fomu of uuemia ([leniicioas, cancerout, 
iiQchTl<i«tomissiB), irheni the blood is Win); destroyed and toxic material is prraent, and 
abu the ch&nges which occur iti dinU'teK. nephritic, etc. 

^ In rarr caaes, inch M tlio*- wliicli were examined by riiili und Vamaguchi, a ditTusv 
collection of Iym)>hoeytca oocan aniongit the choroidal veaseU without any deposition of 
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There is no proof, however, that the circulating toxins of 
orgaoisma can prodiice any localized inflammation in the eye> 

It is much more likely that a. conBidenible proportion of the tnilJr 
benign, endogenous inflammations of the eye which occur in ibe 
coarse of sepsis and other infectious diseases, a» well as the appareolli 
spontaneous cases, tire due to bacterial metastases. This is shon 
by many clinical observations, especially in those cases where, on ihi 
one side, there is a severe suppuration, and on the other a mJU 
transient inllammation. 

Axenfeld and Qoh'' showed that very mild benign metastatic in- 
ttammations of the eye due to the deposition of organiama can occur 



.'>^_^. 



I Choroiditis;: 



in CAse^ terminating fatally; they showed that I'liemnoon-i neit 
present in the small transient nodules in the choroid or retina. Os 



Iwcteria lifirig found. Tliia result ia cUisi^ly alUtd to those of Stock and AI,-lUr, hIio foond 
olioroidal inmtration iu many casts of leukieraia; (ierliii]« the prouoimceii dc^truelioa rf 
the h1(io<) in these cMcs of Kptic njn'mia has t, aimilur inftueuce. In the future sttrntir* 
must l)f directed to the questiou wlie.thiir flui-h caaea do not belong to tUt lattly discatrnd 
(^rouii uf the 'acute leukiemias,' combined secondarily with wpsis. For further infnnmckia 
on thit iKiinI, see St(H:k. JT. M./.A.. 1908, xlii., Bd. L. jt. 328. 

' Uolwiiiow reports that, by subeutaiisouBly injecting dead cultures of Stiti 
□btiiiued inllanimatriry cliao^eti in the optic nerve of the rabbit ; these rv 
ooufirTiiation. Rr>aemupj*r, in a previoos oommimioation (Heidel. Congr.. !,■..„, i^ jr., 
reiHirled ihm di-ml trultun's of .SV'(/iAf//'»\wi,iis iiufcim, which bad becD ciiitiTiii«l%« tht 
vitre(.ii-..r , ,■.!.;■- ..I, -hi, ,■[;.,„ !,,[„ Ui.- Mm,,.1 ,„iM,i,.^,1 infective deposits in th« chonid, 
w-itli "i'. ■ . M . : II, ■■!.■ .-..I hr ..l.iiiii,...i ,111 iniLs. Koseameyer conclndtdtU 

'•"""';■' ■ ■ ■ ■ ■'■■' I'-;"'' ' -'■■■" ^'-l-'->""-"ll'n.tyof the cocciisfortheunsl- 

tract 111' ■ I- ■' ■!■ I" ;'i-"lii'A' ,1 l,.LLiiui.>i;enouH inDamm&tion ; wi " "" 

note, 1j..'v. ■ . ■ ^1 ii -li.'li .|.,i.| ■■aliiiii -...jii.iiii 111 iln' d,-iid m^nianis still present. 
whidi w .■(ij^ible (.f jiLi-iurmg « ii^tii-itasU, A miie toxic action, in the aense lien 
can only be demonatratBd by the use of dissolved or filt«*d cnltores. Siich tesU 1 
;et 1)eeii pnlilished. 

' Heidel. Cougr., 1898, p. 282, and J./. 0., 18fl7, xliii., L. p. 147. 
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accoaiU of tho great importance of this case, I give some of the 
drawings. 

The central uias9 of Pneumorofei in the retinal deposit (Fig. 78) is already in a 
state of degeneration ; it stains badly, and shows involution forma. In the vicinity 
there ore many phagocytes. The neuro-epitfaeliuiii,' which ie bo sensitive to septic 
poisoning, is quite intact in the neighbourhood of the focus, a proof that the infection 
is at a standstill. In other similar nodules in the retinn the Pneuniocoeei bad 
entirely disappeared. In the choroidal nodule ishown in Fig. 79) the central tnasa 
of cocci is already degenerative, and there is no cheiniotactic activity. 

These findings seem quite correct, and Fninkel^ and Peters^ consider 
that the smiill healing clioroidal nodules, which can be seen in the 
choroid in pneumonia patients, are most likely pneumococcal meta- 
stcises. In the same way the clinical appearance known as retinitis 
Beptica (white spots and hiemorrhagea in the retina) is possibly due 
to similar embolic processes; Griinert and Michel.* as a matter of 
fact, found very Hmall inflammatory nodules containing Sliri'l'--"cri. 
The toxic retinitis referred to above can be differentiated from these 
bacterial meta.'itiises microscopicatly, for in the latter exquisite inflam- 
matory foci occur, and in the former we almost invariably find only a 
degenerative process. 

The appearance will also vary according to number, virulence, 
locahzation, and susceptibility. 

Holmes Spicer'' has further shown that a furuncle of the skin — that 
is, a staphylococcal infection — can not only cause suppurative meta- 
stases in the eye, but also a mild intlammiitory reaction with spon- 
taneous healing. A similar case is reported by Schanz." 

In the ciliary body of an eye with a sero-plastic metastatic irido- 
choroiditis, Sattler found large numbers of Gram- positive cocci 
(discussion on Axenfeld's communication, Heidel. Conf., IDOGl. As 
the inflammation ouly occurred a few days before death, it was 
uncertain whether a mild inflammation was passing into a purulent 
or not. 

The so-called Tenonitis — the endogenous inflammation in the 
capsule of Tenon — also belongs, to some extent at least, to the 
bacterial metastases. With regard to the rare purulent forms, we 
have some records available : Fuchs,' Gasparrini,* and Schwartz 
[Beitr. z. Aiuj,, 1898, p. 34) found Pnaimoi-m-ci ; Rollet iS<>c. F>w,<;. 
d'ophth., 1902, p. 114) found Staphi/lncorci ; Zelinski, Neucki, and 

' Cf. Schitnnmura, £. M.f. A., Ifl02, i. 229273. 

* J./. 0., 18W, ilviii., 2, S. iSe. ' K. M. f. A.. 1901, mix., S. 31)2. 
' Inaug. Dinert, TUbinsFO, 1902. ' T, 0. 8., 1908, IB07. 

• Z./.A., IWe. BeUagehrlKftrtwAr./. A'liArtf). 

1 IVim. Klin. WoeX., 1880, Ko. 11. " Aml di Oltal.. 1895, uiiL «. 
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Karpinski found the organism of distemper in one case (Ann. fVOcnl, 
1896, T. 116, p. 868). In the non-purulent cases the saiue arguments 
may be used as were applicable to the cases of benign metastatic 
ophthalmia. On account of the similarity of this capsule to the 
structure of a joint, these forms are often attributed to toxic causes. 
It is undoubted that toxic inflammation of the optic nerve can occur 
{cf. Uhthoff, A'. M ./. .4., 1900 ; also Birsch-Hirschfeld, Antonelli, and 
others). 

Our knowledge of the non-purulent, but still bacterial, embolic 
inflammations of the eye was greatly increased by the experimental 
investigations of Stock,^ Selenkowski, and Woyzechowski.- 

Following Moll's method, Stock injected Bacillus pyocyaneua into the veins of 
rabbits, and produced metastatic uveal inflammations ; where in Moll's experiments 
no clinical observations of the course could be obtained, on account of the speedy 
death of the animal, in Stock's cases the embolic iritis and disseminated choroiditis 
healed without leaving any marked changes. This occurred even though very 
virulent strains were used, the smallest trace of which, injected into the vitreous or 
anterior chamber, would cause immediate suppuration and panophthalmitis. Stock 
explained the increased action of the organisms when directly injected over that 
obtained when metastatically deposited, by the supposition that in the latter case 
the bacteria, being in the blood, were surrounded by the protective substances 
before they could develop. 

AVoyzechowski, with Pyocyaneus^ Stajihylococci, and Streptococci, of varying 
virulence, was able to produce metastatic inflammation of varying degree in cats and 
rabbits, and even very mild affections were thus obtained. When very feeble culturefi 
are used, some localizing irritant is necessary for the determination of a metastatic 
inflammation (cauterization of the eye, or the introduction into it of a forei^^n bodvi. 
(These authors consider that organisms of medium virulence can pass from the 
vessels into the aqueous, and even into the vitreous, and thence disappear wiihou: 
causing any clinical phenomena. ) 

When, however, we considev purulent metastatic (qyhtJiahnitis in man. 
regarding which naturally there is a far greater amount of material 
available, we see from the literature that the puerperal form, which 
formerly was so frequent, is gradually becoming rarer. In this aflfec- 
tion, which is almost always caused by thft Strt'j>toc<H'ci(s jtifnqruis, the 
almost invariable result is a panophthalmitis, provided that life is 
continued long enough ; it is rare that a phthisis bulbi occurs without 
a complete panophthalmitis, and mild benign cases are practicallv 
unknown. 

A special tendency of the eye to metastatic affection in puerperal septic pyitmia 
must be inferred, for the equally common surgical pyitmia of the pre-aniiseptic 
days was not nearly so often the cause of metastatic ophthalmia. Perhaps this wa? 
due to the freer breaking down of septic thrombi, or the greater prevalence <^i 

^ K. M.f. A., 1903, xli.. i.. S. SI (set- Irii.' litt'iaturf of earlier \vc»rk> 
- A./. A., 190o, xlvii., S. 2l*l«. 
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en Jocai'ililia, and perhaps also to the circumstance that the Slrejiloccoci, which are 
ahiigat always the cause of llie condition, developed special affinities for the eye in 
the body altered by the puerperiutu. 

Surgical metastatic ophitialmia, in these days of antisepsis and 
asepsis, is of fur less importance than metastasis in cryptog'enetic 
and other infectious diseases. In thia last group I'liriim-irmii, which 
lire seldom the ciiuse of sepsis in puerperal or surgical cases, are the 
common cause of metastatic ophthalmia ; only rarely are other causes 
at work (line. t;iphoi^'is,^ B. •■••U (■••mmiinis,- PiirumobiK-Uli)." The 
B'lr. liiiihosnn can also cause specific metastases in the eye. Bertozzi 
observed a case of Vincent's angina with the BricillnnfiigifnrmU* after 
measles (Ami. di (Hial., 1907. ssxvi., p. 138). A subacute endo- 
genous panophthalmitis can exceptionally occur from tuberculosis 
(l>e Lietro Vollaro, Munch, Demaria, A', M.f. A., 1905, Beilageheft; 
'7. here the literature). In Demaria's case there was a mixed infec- 
tion, with a peculiar pseudo-diphtheria bacillus. 

Doubts have been cast on Jlitvalsky'a alleged Itnding of the Barithig 
liijiUus i\riiiitlirmalo>iiii of Krai, as to whether it was not a post-mortem 
invasion, there being a considerable degree of putrefaction.'' 

The specific organism (inlluenza bacillus) has been found in cases of 
intra-ocular inflammation in influenza by Tanja, Dinoux, and Casali 
(Aiiii. .li Otial.. li)07, xsxvi., p. liO). The case of orbital abscess 
which I have recorded, and which was observed by Siegriat, might 
perhaps have resulted from one of the accessory sinuses of the 
nose. Eversbusch (Staiili. nureus), Lavagna {Stapli. rilr. Mra'j.), 
Despagnet (Strep, and Staph.), Haiishalter, Vilber, and Alfieri 
{I'lfiinuK-.), have demonstated the presence of other organisms in 
iufiuenza metastases. 

Frouj what we know of such cases, a inicrobic metastasis is the luoHt likely cause 
of intra-oeuiar affections of the relatively benign form in gonorrlKra" and reenrreiit 
/ever. Should the opportunity to examine such cases occur, it should be noted 

' llnatarriiii. Ahh. tli m-1., 1805, vxiv. SiS ; Uillet de (liaudmout, JreK. ,r(i^A/A., 
1S92. Pauss mw an aD((io!ua uf tli« orbit su|i|iunit« from infection with the B-icUim 
Imihunu {Folick. /. HeltnhiM:, 1891}. Stack's case (f. M. f. A., Ociul*r. 1U06, iL), in 
which StajAyloarci ivere found, shmvcd that everj metastatic ophthalmia occurring during 
ur inimnluitely alter a ^phoid need nut be apecilicallj typlioid. 

' Desbneres, Thite nfe Pari*, ISBS ; Loewr, Z. f. A., 1902, viii. 24. In thU caw tlis 
urbit iTas also atfiKted. 

' \Voi)fuer, K. JI./. A., 1906, sliv., i., p. 386. The ophthalmia occnrrwl in pneumonia 
after cataract ojeration. 

* The nork of Lekowicz witli rt'fi-'renue to tbe«e ]>olymor{ihi';. Gram -negative bacilli, 
which are ao common in the mouth, and can be ciilUvHUd auaerobicallv on icnim a^ar, 
<-iui l« found in the CeM. f. Sakt., Orig.. 1906, p. 153. 

» Reviewed by Axenfeld, A./. 0., 1894, xl. 4. 

* In a alobe raoclcatcd two months after th« onset of a gonorrbftal nic-laita.*is, J, Roosa 
was unable to find any OmooKii {Fott-Gradiuat, 1904]. 
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whether the organismal cause has only settled down in the vessels, and has not vet 
passed out into the exudate. A recurrent fever will probably supply an opportunity 
for the experimental decision of this question, for Ewetzky^ has succeeded is 
inoculating apes with this disease, and observed in them the usual iridochoroiditis 
as an after-e^ect. 

It has not yet been possible to decide in which class endogenous rhemnatic 
inflammations should be put. Bucheron,*'' from the excellent results which he 
obtained in fifty cases treated with Marmorek's serum, refers the cause to the 
Streptococcus. The variability in their course makes such a conclusion uncertain. 
It is possible that mild metastases do occur in which the organism mentioned is 
causal. This \dew is supported by the experiments, previously mentioned, of Stock, 
Selenkowski, and Woyzechowski. Poyton and Paine (Ophthalmoscope, October, 
1908) obtained from the blood of a patient with rheumatic fever a Streptococcus, ^nth 
which they were able to produce a benign hsematogenous iridocyclitis in the rabbit. 

L. Miiller's case of miliary actinomycosis of the choroid^ is an 
isolated one. In the tuberculoid nodules the Bay-fungus was not to 
be seen. 

We are not justified in classifying the metastatic affections of the 
eye merely according to the causal organism, as these can cause 
variable appearances. Certain points of differentiation can, however, 
be recognized. 

The streptococcal cases,^ concerning which there is a large amount of matehid 
available^ generally develop as an acute suppuration, with panophthahnitis and per- 
foration of the globe. Naturally this is not invariable, for the virulence of the Sircpto- 
coccus varies. Those Stre2)tococci which are the cause of septic py*mia, as a ruk. 
are very pathogenic. A favourable termination is very rarely observed in the eye 
(Grunert). It is the puerperal cases, mostly due to this organism, which hav* 
had a noticeably violent suppurative course. The anatomical and bacteriologiiJ 
examination of such cases shows that, when an embolism has occurred, the .SVrty* - 
cocci grow at an extraordinary rapid rate in the eye, particularly in the vitreou?. 
but also in the other layers. Large portions of the capillary system of the retii- 
will be completely replaced by bacterial aneurysms ; the organisms can grow i::*. 
the larger vessels, causing rapid atrophy of the tissues of the retina. 

1 IVrstnik Oft., 18H7. xiv.. i.. j.. r»l, and Z'ut.f. A., 1897, i>. 111. 

- Ann. (VOruK, ISi'O. Cf. Cli<*vall»M<'au, Cliiiillous. Inter. CoiiftT.. Lucoriu-, 10i'»4. II. 
p. 310 ; also Vwnh^. A.f. 0., 1904, Iviii. 3i^l. 

^ K. M.t\ A.. 11*03, xli., i., !». 23«i. 

"* Vussius, Wa^t-nniann, Poiis.son, van drr Bi-rgli. Desi»a<,niet, Mitvalskv. Rant-U'r 
H<MTnheis<M' (three cases) — all laieriteral eases ; Panas, Axenfehl (tive eases'. St*«^ 




Prmir. OtiiiJ.^ A]tiil, 11»0G. Ki|i]». Aiiht. Jour, of 0]«litli., lOOti, |i. 324. Voti-iNii;. 
Inaii^. l)i»s.'rt.. Aiii^tcnlani, 1907. )>. .'9. Do Scliweinitz, Ann. of Ophth., IPof. \\ "* 
(l)ilateral ]tucri'«'ial la-ic with ncovt rv . 
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Appearances. Bnrh ii'< those oF Fig. SO, are not uncommon in this infection 
(Wngenmann, VolaiuB. Aienfeld) ; in other infective metastascB of the retina their 
have not been obsen-ed. The diatribution of the Streptococci along tiie veagels 
s longer Ti!<ible thtui in the case of the other orgnniBms, as the chains keep 





Ito. bl,— CuMsiENciKQ Mbta9T*tic Stbeptococcal Iritis, 
Necnwis aroaiid tlie ospillaries, nhicb art plugged with cocci. 

together longer. In many streptococcal metastases it is possible to find masses 
of cocci inside the vessels for a longer time (ban ia the ease with Pneumococci, 
the latter orgauisiu more rapidly pa«sing throngii the walla of the vessels, and 
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NecroBia is a very obvio 
eepeciall; in the ccise of the 




B, and commencin).' inliltration. 




(Isolaterl tiietaaUaes in tin* f; 



ciliitry body, choroid), with its Anasloniosing veei^elB, noilular infiltrations more 
frequently occur, sb is showD in Figs. 81 and 82, sections from the soiue ere. A 
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L is seen close aroand the capillary booterial embolism, and around ihnt 
again ia a collection of cells. 

On Qccouut of the rarity of staphylococcal metastases, and the Ecardty of 
bA(;teriDlo<fical and anatomical examination of such cases, we cannot give any rules 
concerning them.' Fig. B3 ebows a metastatic choroido-retinol abscess, from whicb 
I cultivated highly virulent Slaphyhcoccut pyogenes aiirem. It was a case of 
a rather localized abscesB, with a slight diffuse affection of ilic retina. In the neigh- 
bourhood of the masses of cocci there 
was a widespread necrosis. 

Fneumococcal suppurations less fre- 
quently show this concentrated necrotic 
DctioQ. The organisms appear to pass 
oiit of the infected vessel into the sur- 
rounding tisBuea at a relatively earlier 
stage. An intravascular growth, such 
as tiikes place with the SIreptococci, 

has not been shown lo occur with . •],-&;' 

them. On the contrary, it ia vary rare .. : ^f 

to find a capillary embolism with Fvcn- • '-^^£ 

moroeri. such as is shown in Fig. HH, in " " "^BF 

a commencing retinitis during racnin- ' . 

gitis. Lenhartz records a similar case. • 

In the pneumococcal cases there is 
a free phagocytosis, not only in the mild . . 

cases, but also in the severe ones lead- 
ing to panophthalmitis. This is quite 
analogous to pneumoDia and pneuino- 
eoccal meningitis. As ill the ulcus 
serpens, the leucocytes and the cocci 
are intimately mixed ; there is no 

intense, and where wandering cells do 
not occur, as is the case in the staphylo- 
coccal abscess shown above. Tliedegree 
of the lencocytosis is not related to 
the mildness of the process. 

Fi'om the material available we con- 
clude that the pneumococcal metastases 
have a milder course than those due to 
the other important pyogenic organ- 
isms.'-' This is shown by the observa- 
tion that metaslaees in the course of a 

pnenmonia rarely lead to panophthalmitis, and also from the previously recorded 
findings of Axenfeld and Goh (<■/. Figs. 77 and 78). In very mild oases it is, there 

• Casen of iiiBiaBtatic Btaiihylotoecril ophthalmia ill the literature : Hermiiciwr, Axeu- 
tM. Mitvalsky [qf. colleRted coses and tables, Axeafeld, loe. eil.). Laragua, Sif. Med. di 
Napoli, X., e-t, p. 34. Pooluj, Ainer. Jour. otOlihtll.. 1895, p. 130. Liebrecbt, K.M.f. A.. 
1903, xli., ii., p. 124. Holmes Spicer, T. O. 8.. 1903. Schanz, MUkcK. Med. IFoch., ISOti, 
No. 2S. Gerok, JTurfcni, Korr.-£l.. 1902, Trokopenko, Anh. iTOphlh., 1901, u 422. 
Spicer, T. 0. S., 1907. 

Thp case of parulent scleritis tworded by Saclisalber (TMn. Med. Woth., 169S, No. 32) 
Ix'lougs to this class, 

' PoeomococcftI mrtastoacs: Funhs. ■ Tenonitis ,' Wien. Klin. H'ock.. ISSO, No. 11. 
Kcrmlieiheii. Axenfeld (four cases), A. /. O., 1891, xl. AxenfcM and Gob, A. /. O., 1SU7, 
;(liii., S. 147, and Ophtti. Kongi\, Heidelberg, 1S98. Feiri, Ann. di Ottit!.. 1897, 



Fig. 84. 
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fore, justifiable to consider this etiology probable^ though, of course, it must not be 
taken as established. There are, however, pneumococcal metastatic suppurations 
which are so virulent that they rapidly lead to panophthalmitis. 

Bietti was therefore right when he attributed a spontaneously healing uveitis, 
with replacement of an inflammatory detachment of the retina, in a child with 
broncho-pneumonia, to a pneumococcal metastasis rather than to a purely toxic 
condition. 

Metastatic indammations in epidemic cerebro-spinal meningitis 
are almost always comparatively mild in their course — that is to say, 
they rarely go on to complete suppuration. In this affection quite 
mild abortive metastases are not uncommon. 

It can be taken as certain that such cases, in so far as they occur in large 
epidemics, are due to the Meningococcus iniracellularis of Weichselhaum (whose 
occurrence on the conjunctiva has already been considered, p. 216). This has been 
definitely proved in cases by Wintersteiner,^ Axenfeld,^ and Morax.^ UhthoflF^ was 
able to demonstrate cocci in sections, though Heine's^ investigation of their nature 
was negative. Anatomical examinations of the earlier cases was also negative. 
This might well be due to the fact that the Menijigococci in the infected eye rapidly 
die out, and when the eye is available for examination they cannot any longer 
be demonstrated. The case recorded by Zimmermann and Brown-Pusey* was only 
examined after an interval of vears. 

The early stages of these meningococcal metastases have never yet been examined 
anatomically and bacteriologically ; still, we can conclude that the ophthalmitis 
develops from metastases, and not by a spread from the meninges through the optic 
nerve sheath. In the cases examined by Rudnew, Oeller, and Uhthoff, the sheath 
of the optic nerve was normal, and the retina or the choroid was destroyed by 
suppuration. 

Axenfeld's'' examinations of cases of metastatic ophthalmia in pneuniococcnl 
meningitis^ which sometimes occurs in small epidemics, also assist in deciding this 
question. In one of his cases a bacterial embolism was demonstrated in the retina, 
and in another large numbers of Ftienmococci were found in the purulent retina, 
while the optic nerve sheath was quite normal. He was also able to show — and this 



x-xvi. 306. Al fieri, v//v//. di (jttul.^ 1897, iv. 328. Malfi, Arch, di Oital., 1S99, vii. Vi'>. 
Morax, Soc. Fran(;. d'Ophfh.^ 1898. llaiislialter, Gaz. Ifchfhnn., July 8, 1S95. Ahlstr<viu. 
Ajiii. d'OcuK^ 1897. Sdnvarz, Daitsch man it's Bcitratjc :. Awh, 1898, S. 34. Sile.'Ck 
T. 0. S., 1900, p. 112. Dliuyelk-, Tliisc de Paris, 1900, S. 25. ' Bull, Am*/r. Ophth. S--.--! 
1901. S. 316. Gissflbrecht, TJusv dc Xnncti, 1902. lioviei-Lapienv, TJuse de Lt/on, 19«'2 
Bietti, K. M.f. A., 1903 {Ffstschr.f. Mani, S. 51). Petit, Au>i. d'Oat/., 1901, cxxvi. 1S6. 
Purt^cher, Zmt. /. Prakt. Atoj., SeVtemWr, 1902. Ruiiier. A^ J/. /. A., 1902, xl., 1, 320. 
Casali, XVl. Kongi*. Ital. Ottal., ibid., 1903, xli., i., S. 338, and Ann. (fi Ottul. ' AVeeks 
Ophth. Record, 1903, S. 61. W.-iidt. * Doppels. Metast. Ophth. hei eiiieni Kind,* Inauij! 
Dissert, Jena, 1901. Zobel, Zi.if. f. A., 1904, xi., S. 32. Morax, Ann. tPOcui., 1904. 
cxxxii., S. 409. Leuhartz, * Die Septischeu Erkrankungeii ' (' Xothiia<^els Spec. Path, umi 
Therapie,' 1903, Bd. iii., p. 15). Vogelsang, Iiiaug. Dissert., Amsterdam, 1907 ]» 71 

1 Jk'irn. Klin. JVoch., 1904. j.. 996. 

- RemarlvH on Haglund's pai»er, A\ M. f. A.. 1900. Gram-negative J>ij>?,H-iMy:i wen- 
recently found in a very mild ease of iris metastasis; these may have been Mcninrtt^yMxi 
(there was no reason to consider that they were Gonococcil Cultures wtT(? uii.succossfiil. 

^' Soc. d'Ojihth. de l\f.ris, October. 1905; also Hanke, fl'icii. '>phth. Gcs.^ Aruil 17 I'iii' 
and Aht. Soc. d'OpJuh. dc Paris. 1902, p. 81. , * -• 

^ Vcr. d' Ophth. Ges. JMdeL. 1905, p. 102. 

^ n^rl. Klin. Woch., 1905, No. 25. '* Annals of Ophth., 1903, xii, 446. 

"^ Moiintsschr. f. Aufjciik. >/. Psi/rhiif/r/e, 1897, i. 
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was later coijflrmed by Lietro-Vollaro ' — tbat uieiimgitis argBnisma geiiernll.v were 
unable to pass forward in the optic abeath, as their passage was early bluckcd 
b.v the exudation into the optic canal. 

And even in those niro cases whore the presence o( Pneumncoeei could be demon- 
strated ill the sheath, their transference from ihence into ibe interior of the eye 
could not be eatabliahed. De Lietro-Vollaro baa shown tbe same to be the case iu 
a traumatic suppurative meningitis, where tbe Slrcptococvi conld be found in the 
abealh of the nerve, but had not passed from there into the globe. 

^Ve can conclude that the same is true in meningococcal meningitia and its com- 
pliealiona in the eye. Till now, at least, there ia no certain case known of infection 
of the interior of the eye from the optic aheath.^ 

The important que.stion. In ichnli part •'/ the •■!/'■ du tht- hartcyinl 
iiKtaxtaten umir .' can only be answered by microscopical exumination 
of seriiil section.'? o[ the early stages, in which either the organisms 
citn be seen inside the vessels, or a particular part of the eye can be 
found intensely or exclusively alTeeted. At any later stage the point 
of origin is lost in the suppurating mass, and the exudate invades 
other parts of the eye. In the stago of panophthalmitis no such 
determination is possible; indeed, in many cases it is impossible even 
at an early stage. 

Many infections spread rapidly into the vitreous. The resulting 
exudate may so carry the bacteria into the interior that, when we 
examine the eye, we find the vitreous almost or esclusively filled witb 
bacteria, which then and there develop into dense masses. Pure 
, cultures are often found in the anterior part behind the lens. Trans- 
ference into the vitreous takes place with extreme rapidity when the 
adjoining retina is infected, and those cases which Straub and 
Vogelsang^ called ' metastatic hyalitis ' are ehietly the results of 
bacterial metastatic retinitis. 

The favourable eases tor early esamination have shown that the 
tetbia was usually tbe primary site of infection ; in many cases it 
alone vma infected, and in others it was so along with other parts of 
tbe eye. This is the case to a special extent, though not quite in- 
variably, for those common cases (one-third of all observed) in which 
a metastasis occurred in both eyes. In the one-sided cases, however, 
the wiYft was generally the site of an embolic infection- 

In the material which I have collected and eiamuied this preforenoe for the 
ri'Iiiia waa very marked in the double-sided coaes. I huvu iUuatrated this by bi 
Item two similarly (Gram-Weigert) stained globea in a coae of double t 
ophthalmia, where bacterial necrosis (streptococcal) ia very clearly seen. 

' A'. M./ A., 1M03. JkilagL-heft [fatiAnft/. Mam). 

"The ciiaes ivhicli are m coB»idcred by ftaltini (toe. i*,), Sileoek. Tips 
(T. 0. a, 1»00, XX. 121). ■ndethei's, are capable of anotbei' iiiterjiratatioii. 

* Vngflsang, Diwertatioii, Am^tenlani, 1907, p. S8. 
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We muat not make any rigid division of the cnses, as the distri- 
bation of the septic material is not according to any absolute rule. 

In forming any opinion, from microecopicnl (ippearanccs, as to endogenous infec- 
tions, il must be remembered that a further post-mortem increase is possible in Ilie 
bacteria lying in the vessels, and aleo in those in the metastatic nodules. Accord- 
ing to Canon, Lenhartz, and others, the number of the bacteria in the blood 
increases In septic pytemia just before denth. After death the numbers in thr cue 
of some bacteria uiaj- bo enormons. Among the pyogenic ones the Sfrtj'h-ei^eri 
may so increase that tbe vessels are quite filled, and we have the appearance of 
an injection preparation. The poat'inortem natnre of these dianges is shown b^ 
the fact that the intravascular masses do not correspond to any inflanimatorjr or 
degenerative changes in the tissues around. Tliis growth of bacteria i« freest it 
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vaiiiH, wliich are well known to contain the greatest amount of the blood ^ter d«alhl 
In the cose of tbe larger, more compact masses of cocci in otherwise healthy vei»%H 
we can ai once exclude a metastaais having occurred here just before death, and 
having led to any inflammatory reaction, tor such a mass would have stuck in 
capillaries. 

Hermbeiaer and Aienfeld have recorded cnses ahowiug very free post-mon 
growth of bacteria in the eye, and have emphasized the diSerenoe betireea m 
cocditions and the true tuetaetaseB. 

The human retina is not very rich in veasela, and its special nffinin 
iop the deposition ot organisms raises the question, What causes are • 
work in producing this state o£ affairs ? 
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It is certain that we do not have to do with embolisms of the larger 
hranches, for the large embolic masses would also settle down in the 
other brandies of the carotid. The eye metastases, however, are often 
the only ones in the whole internal carotid region. The deposition 
takes place more in the finest capillaries, and is due to infectious 
material in the blood in the finest state of division. 

As tlie queation ftppears to be one of ihv embolic plueging o! ihe capillaries, we 
3iust con-iider their calibre ; this factor alone cannot bo the cause □( their predilec- 
lion, as Sattler's capillaries in the uvea ore just as fine. We must conclude that 
septic conditions in the blood first cause toxic changes in the retinal vesseU, which 
react freely to many changes in the state at the body {e.g., retinitis albiiiuinurica). 
Fatty changes occur in the endothelium (Ponfick) ; hyaline and laminated clotting 
results, leading to stasis, and thus the deposition of the bacteria from the circula- 
tion. As there is a tendency in the retina to hEemorrhages, it is obvious hoH', with 
a toxic-septic bleeding taking place, the organisms can pass into the tissues. 

In ft ehUd dead from sepsis I was able to microscopically demonstrate a retinal 
hii'morrhage filled with Streptococci ; this would ba\'e Eormed tbe commencement 
of a metastatic infiammation from the extravasation of blood containing cocci. 

All previously existing disturbances of the circulation, including tvauiitatisius, 
will act as localizing agents in the eye (see the researches of Panas' quoted above). 

Individual variations in the susceptibility arc ponalble, as also are slight vnrialions 
in the action of dilTarcnt strains of the Mttne bacterium. 

In individual cases it is difficult to decide which of the possibilities 
discupsed is the cnuse of any particular isolated metastatic ophthalmia, 
where in one eye, or perhaps in both, an endogenous suppuration has 
occurred, without tiny other part of the body being affected. From 
the literature up to 1804 I have collected over thirty of such cases 
(l.K. dt). 

In many of this latter class of case I have often noticed that the 
general condition is very little disturbed ; perhaps it is quite normal 
at the time of the ophthalmitis, so that the case appears to be one of 
'spontaneous panophthalmia.' 

The predilection of the non-purulent endogenous inflammations for 
the eye is shown to a far higher degree. In these we are often unable 
to demonstrate any other lesion in the body. The e-itent to which 
these may be bacterial metastases has already been discussed on 
p. 364. 

' Ac.«ording to Lober aud Kralinatoen-er, utorose*, followed by iutcuite iuHamniatuir 
trmptoms and phthisis bulbi. can lead to the localiiatien of circulating biu>lDria ; sucli 
destnictioD ot tisaus occnrs iu au iutra-ocular tuniour. not unnininioiily iu coi^juDctiuii irith 
vascular thromboda. Tliem eudogruoua iufvctiiins vrill eqitain nhy syiniiathetic ophthalmia 
is oecasiouatlj associated with such afToctiniis. We liavu nu ciijlural jiroof of thii ; iho 
purely niacroacopical fiudiags which Deulschniauii remrds iu tliese ryn air not absulnlely 
[■ositivti, and, luoreorer, they hare nu relation to syiujiathvtic ophthatuiia, wboav cause 
19 not yet dcnionstrable by the niicroscujic (r/. lit»ratttre in Scliotttlius's DiswrtAtioD, 
Krribui-s. 1904 : also Ne»w, K. M./. A.. Dweniljer. 1606, sliv.). 
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It is quite possible that the localizing influence varies for diflferent 
organisms, and that the circulating poison, as well as the organisms 
themselves, may have a special affinity for special organs, and be able 
to find receptors there. A striking example of the fact that the kind 
of bacteria and the special affinities, unknown to us in detail, play a 
part is shown by the fact that the preference of the retina previously 
discussed, does not exist for endogenous infection of the eye with 
tuberculosis. 

Isolated tubercle of the retina is extremely rare ; tubercle of the uvea, 
on the other hand, is quite common. The tubercles can only be due to 
* affinities,* for the free anastomoses of the capillaries of the uvea can 
offer no specially strong mechanical obstruction to the passage of these 
bacilli. Often, perhaps, these metastases are not due to an embolic 
plugging with infected material, but to a retarding of single bacteria, 
which, from a purely mechanical point of view, could well pass through 
the lumen, yet are prevented by some special condition or receptor. 

In rabbits no predilection of the vascular part of the retina for 
circulating organisms could be shown to exist. With I^yocyantus 
Stock always obtained metastases in the uvea, never in the retina, 
using pathogenic hefte (H^'fa Idein, He/a husHr). Stock also obtained 
in my laboratory spontaneously healing metastatic inflammations in 
the uvea and in the retina ; this never occurred with tubercle bacilii 
(A'. M. f. A., 1907, ii.). As the hefa^ have a relatively large diameter, 
the narrowness of the retinal capillaries may influence their fixation 
there. Selenkowski and Woyzechowski (ride wfni) also speak of retinal 
metastases ; it is not clear, however, if they were demonstrated micro- 
scopically. 

Korotkow similarly reports that in his experiments on endogenous 
wound infections {<•/. p. 104) the metastases always occurred in the 
uvea [Wratsch, 1903, No. 50; Ann. cVOvuL, 1904, cxxxii., p. lo-Ji. 
Perhaps in other animals it would again be diflferent — e.tj,^ in cats.^ 

As a rule, metastatic inflammation cannot be produced in rabbits 
by the subcutaneous injection of the common pyogenic or septic 
organisms.- This must not be taken to mean that by this mode of 
infection the bacteria cannot pass into the blood and thus reach the 
eye, for they can pass by way of the subcutaneous tissues just as 

^ The ••.•isc«^ nfStorv aii<l Stevenson lielonji; to this cxrrptional class. 

- Al't'-i- NulK.-utiUH.'Ous injection of Barillns roli. Panas olitain»'<l iiK'tnst^itic oplithalniiA u 
oas's '.\li(i»' tilt' » ye lia<l pifx innsly lu-.-n contused. \\\'\\iY {iJiut.^rhc KJiiiik'^ 18*54 N". t* 
an<l Mar<lian«l ' li' rl. Klin. //'>'7/., 1903; Marltui-^ l^c]i., Jnne 3, 1S93) ul»taim-<l in»t.i>r.i:: 
-^Ul•)'Ulati')ll of th<' »yc l>y infcetin;^' tlit- siibcntancons ti>siu;9 of cats, t'^^ncciallv \^''it 
capsulat«<l l-acilli of the laiHiiniohacilhuy ;^m-ou|) were u.s.,'il. 
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in those casea in which Picot and Romer inoculated one eye. 

Homer was able to show that in the second eye the bacteria in question 
could be found in large numbers, and in a comparatively short time, 
but that is far from being a clinical demonstration of an inflammation 
or metastasis. After an inoculation of one eye with tetragenus, 
a metastatic inflammation of the other, resulting in healing, only 
occurred in one of Picot's cases. Such, however, can be obtained 
with certainty if we inject the orgamsms into the blood-stream, 
especially if we inject into the jugular vein. 

Pfichin and Phasalis {Sor. de Biol., October, 189S; Aim. d'OcuL, 
CSS., p. 387) obtained a double-sided metastatic ophthalmia in a dog 
after the injection of the bacilli of rabbit's septiciemia into the jugular 
vein. Lagrange (Sric. /■Va/ij'. iVOph., 1898, p. y;l) obtained a tuber- 
culous iritis by injecting tubercle bacilli into the carotid artery. A 
large number of such exijeriments have been performed by Stock. 

The predilection of the uvea of the rabbit, which seems to be 
exclusive for many kinds of organisms, especially the tubercle baoilliis, 
is a point of great interest. It is also remarkable how often Stock 
oitserved that these lesions healed up in spite of the use of very 
virulent organisms. Still more remarkable was the fact that nodules 
in the choroid were milder, and healed more rapidly and completely 
than inflammations in the ciliary body and iris. This shows that the 
healing of such endogenous inflammations does not infer an infection 
with attenuated organisms, but that even highly virulent organisms 
can be made innocuous, not so much by their being killed out as by 
their encapsulation in scar tissue. In any case they can remaui in 
the tissues in a state of great virulence long after clinical healing has 
occurred. An interesting experiment in this connexion, and also an 
important one regarding the healing in and latency of virulent bacilli 
in the eye, is given by Stock, who showed that the transference of a 
piece ofiris infected with hematogenous tuberculosis, appearingclinically 
to be completely healed, would produce a severe tuberculosis in the 
eye ol another animal. This also explains how these endogenous 
uveal affections (as also those of the sclera and cornea), often due to 
tuberculosis in man, so freely recur, for the bacilli become encapsuled 
in the tissues, and on a suitable occasion again become active.' 

Stock's experiments certainly have shown that tuberculosis in the 
rabbit, when it affects the blood-stream, can produce an extraordinary 

I The fncApsulntuiu and prolonged Ltteacy or Uio pyogenic organisms has not yet "baeu 
pruved for the eye; 11 cauuoc be eicludad, aa it is accepted as occorriDg in other orKani by 
the aurgeon*. 
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variety of chronic inflammations. This is a distinct confirmation of 
the teaching of von Michel, based on clinical observation as to the 
cause of chronic uveitis in man. 

The great majority of the cases of chronic uveitis are therefore not 
likely to be purely toxic. On the other hand, these experiment? 
tend to the idea of the metastatic causation of sympathetic 
ophthalmia. This view was first brought forward by Berlin, later by 
Panas, Moll, Picot, and in a modified way by Schmidt-Rimpler, and, 
though freely controverted, has much in its favour. 

The Leber-Deutschmann hypothesis of transference in continuity, 
particularly through the sheath of the optic nerve, can no longer 
be considered as proven; its alleged demonstration by cultures, 
microscopy, and experiment will nx)t stand criticism. 

On the other hand, the experiments of Picot ^ and Romer- show 
that the transference from an eye experimentally infected either does 
not occur, or does so with very great diflBculty by way of the optic 
nerve or its sheath, but that it can occur with ease and regularity 
by way of the circulating blood. This was the case with various 
bacteria. Eomer demonstrated it for many saprophytes, and also for 
bacteria which could be recognized by their spores for a relatively long 
time. T rypanosomata (Protozoa) also produce a rapid general infec- 
tion from the eye (Romer, A. Leber, Stargardt). Experiment is in 
favour of the metastatic hypothesis. 

Picot insists that this passage of organisms from an experimentally infected eye 
into the blood is an important factor in the pathogenesis of sympathetic ophthalmk 
the more so as he obtained a metastatic inflammation in the other eye m a tetra- 
genus experiment. 

The experiments which Komer has recently published show with what ease ami 
rapidity the organisms can pass from an infected rabbit's eye into the blood, even 
in cases where the refracting media alone are infected without injury to a singk 
vessel. RiJmer did not limit himself to the clinical demonstration of severe fatal 
general infection, but examined the blood and also the other eye at varying tiiucj 
after the infection of the tirst one. The inoculated organisms could be demon.st^at^l 
after a few hours in the second eye. Romer states that they are freely found in tht 
blood of the uvea. 

The question then arises, To what extent can these facts be applial 
to man ? The clinical fact, that a fatal general infection extremely 
rarely results from a suppurating eye, even in the severest pan- 
ophthalmitis^ (due to the most virulent organisms), seems to show that 

I Arrh. d'Uph., 1S98, xviii. 341. 

- Ojthth. O's., Hoidd., 11*03, j.. 40; A./. A., 190»3, Iv. 4, and 190G, Ivi. 1. 

^ Wurdeinanii and Becker {Oj>hf/i"/ino/"tjtf, 1906) drseril)e such a cas«', invinc; t-ulrir * 
Fatal p'luTal infection uecuired in a ea^e of Basedow'?? disease Irom a st'n'i't^H.V'=:'^ 
|»anoi»hthalniitis causerl by tlie lagophthahno.s. 
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the conditions tire different in man. Severe general sepHis is very rare. 
The ditTerence may be due to the fact that, as in the experiments of 
Pieot and Riiraer, large numbers of highly virulent organiBms intro- 
duced into the aijueoua or the vitreous could pass into the blood or 
lymph channels before any obstruction was interposed. On the other 
hand, when a wound infection develops in an eye, the number of 
organisms introduced is less, and an obliteration of the passages out 
of the eye can be produced by cellular and fibrinous deposits, the 
powers of resistance being greatly increased. 

Cases are very rare in which, after a bulbar infection, we find 
a meningitis resulting by spread in continuity U-f. p. 348, and the 
literature by Lapersonne, EiisUn, and Kuwahara). 

We do not, however, claim, even in man, that organisms do not 
pass into the blood during the course of an eye infection. Slight 
general feverish symptoms are not uncommon. Special investigation 
is necessary to show whether, and to what extent, a slight general 
infection does occur in such cases in man. Micro-organisms have 
never yet been demonstrated in the blood in panophthalmitis; and 
even if tbis were so with the pyogenic bacteria to a limited eistent 
merely, it need not necessarily be so with other organisms. 

While Sehmidt-Rimpler, Panaa, Moll, and Bach consider the infection of the second 
eye to bo brouf;ht about bj organisma already present in the body, beinjj localized 
by the irritation or the trauma refleslj affertlng the other e.ve, the older opinion 
(Leber, Schirmer, etc.) Las lately been championed by Biimer that the presumptive 
causal agent enters the injured eye from without and sprHads from there. 

If the rare cases of syuipathatie ophthalmia without any perforating wound are 
to be brought into line, au endogenous infeclion of the first affected eye must be 
presumed. 

Schmidt- liimpler attempted to explain the metastatic occurrence of sympathetic 
ophthalitiia, without noticeable general disturbance or uietastatie mllammation in 
other organs, by attributing to the other eye a preparatory disposition, due to a 
sympathetic irritation from nervous inUtience. Mooren. Rurupf. and Bach reported 
that they obtained an increase in the albuminous contents of tbe aiiueous in one 
eye of the rabbit by experimentally irritating the other, ^Vesaely, Tomabene, 
and fjtock' could not confirm this. Dy more refined methods, the ha-molysia 
reaction, Ri'imer ' showed that there waa really no change in the secretion to be pro- 
duced thue, and he insisted that the exclusive affection of the other eye was due to 
the fact that the orgamsma were exclusively pathogenic for the eye. In the section 
on ' Wound Infection," we have already discussed the (jueBtion as to the occurrence 
of organisms which under other circumstances act as saprophytes (see p. 191 ; cf, 
the work of Vlbrich). 

The alleged experimental proof of the localizing action of a sympa- 
thetic irritation must therefore be put aside. It should be noted that 

., pji, 81, 2'2S \Iiteraturp ht're). 
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in the experimental animals no condition can be produced analogous 
to the sympathetic irritation of man (photophobia, contraction of the 
pupil, and vasomotor irritation). The localizing action for circulating 
bacteria of such a vasomotor irritation as occurs in man is by no 
means disproved ; on the contrary, from analogies in general 
pathology, it must be considered as quite possible. It could con- 
ceivably occur even it anomalies of secretion did not take place in 
sympathetic irritation. This is important with reference to the dis- 
cussion on deep-seated bilateral endogenous inflammations of the 
globe (especially keratitis parenchymatosa) following a unilateral 
trauma. It is claimed by many that Bomer's experiments have finally 
excluded any connexion between them. Such is certainly not the 
case ; the question is one of great difficulty. 

I do not, however, consider that the modified theory of ciliary nerve 
influence is proved. The objection to it is more that there are so 
many cases of sympathetic ophthalmia which are not preceded by the 
symptom-complex of sympathetic irritation than that the experiments 
quoted have proved it invalid. They have only taken away from it 
one of its presumed experimental supports. 

Golowin ^ and Santucci ^ state that the destructiou of certain cell groups in the 
wounded eye, more especially in the ciliary body, cause the formation of cvtotoxin* 
in the blood, which can act upon analogous parts of the other eye. This is, of 
course, no explanation of sympathetic ophthalmia as a whole, as a definite pro- 
gressive inflammation, often going on after enucleation of the first eye to consider- 
able destruction, and obviously a true infection of the second eye (Pusey, A, f. 0,. 
xxxii. 334). The view advanced by Bellarminow and Selenkowski.^ and sue- 
ported by experiments, that sympathetic inflammation is exclusively a transference 
of toxins, seeing that the poison of the Staj^hylococcus aureus^ when injected into the 
vitreous or the optic nerve, can produce inflammation on the other side is not con- 
clusive, as this poison certainly has nothing to do with sympathetic ophihalmi&. 
Their experiments also require confirmation. 

Stock ^ was absolutely unable to confirm the similar statement by Gasparrini 
that an inflammation on the other side could be produced by the injection of 
diphtheria toxin. 

The whole clinical course of sympathetic inflammation is against such a purely 
toxic origin ; at most the invariably benign papillo -retinitis sympathetica, which 
heals promptly on the enucleation of the first eye, may suggest such an origin. It 
would be better to reserve judgment even on this point till the ctiologv of the whole 
condition is better understood. Stock's experiments have shown that hjemato<^ncu! 
tubercles in the choroid heal more rapidly and completely than similar ones in liit 
anterior part of the uvea, and it is not unlikely that a corresponding state of affair? 
may obtain in sympathetic ophthalmia. 

1 Ann. d'OrtiL, ll»0:., cxxxiii. 2:3:}. JJ'rat.sch, 1905, No. 22. 

' Lo Clin. OcuUsfa, 1900, vii. 2bsr>. 

3 Cf. icf. A". M.f. A.. 1900, Inilii-., mid A. f. A., 1901, ].. 1, and l<»0o ,, -,-. 

•* A". M.f. A., 1903. i , i-. M. ^ Ann. cU Ottal,, 1901 Y"-)iV 
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Siiiiilarly, we CAiinot accept tlie old faypoihesia of ni 
total, ii£ given by Theobald (Oplith. Bee, IWM, p. 339), making B.vuipathetic 
ophthalmia non-infeetioua, like lierpcs zoster. Quite frequently no audi irritation 
of any seuaoty nerve is present at tlie commencement of a sympathetic ophthnlwia. 

Findings In Sjrmpathetlc Ophthalmia' 

Un all sidtis it IB admitted thiit sympathetic ophthahuin ii an iiilectious diseaEe 
which arises by the inoculation of bacteria (Leber). It is also agreed that the 
pyogenic organisms on which Ileiitachmann laid special stress have bo relation to 
•ympathetio ophthalmia. Id the great majority of cases they have not been 
found when material has been taken with aseptic preeautloiiB from either the 
exciting or the synipathiziag eye ; and in those cases where cultures of these 
organisms were obtained either a eontaminalion or a secondary infection occurred. 
Deutschtuann's finding of bacilli and cocci in certain exciting ' eyes, which he 
examined microscopically , and also once in a sympathizing eye, as well as in the 
nerve sheaths, is not convincing. Such a purely microscopical proof can be con- 
fused by the presence of mast-cell granules, nuclear fragments, etc. It must be 
considered that with our present methods bo certain demonstration of micro- 
organisms which could have on etiological significance has succeeded m anatomical 
preparations, in experiment on animals, or in cultures, I have often attempted 
this, but always in vain. The relation which is sometimes claimed to exist between 
tuberculosis and sympathetic ophthalmia la unlikely, and can be laid aside.- 

Raehlmaim' records finding bacilli and very small moving particles with the 
nltramicroscope ; this cannot be tal:en to have any general importance, as bacilli of 
that size would have been seen nilh the ordinary immersion lenses, and in every 
attempt made by others this has not been the case. It is much more likely that 
these granular bodies were something tjuite secondary. 

Following up the idea that sympathetic ophthalmia was a metestatis, Zur Nedden ' 
injected the blood of sympathetic patients into the vitreous of the rabbit to see 
whether an inflammation would be caused, and reports thai such did occur to a 
greater degree than with the blood of normal persons. The re-iDoculalioii of the 
vitreous of other animals with the vitreous of the infected animal produced in- 
flammation, and from the vitreous of the fourth inoculated generation a peculiar 
variety of the pseudo-diphtheria bacillus was grown. It was very refractory to 
staining: with an alcohoUc fuchsin solution 1 in 10, after twenty minutes small 
rods could be seen. These were more easily seen by the Gram stain when the 
alcohol was carefully used ; their cultivation was difficult, and only succeeded when 
a considerable amount of vitreous was added to rabbit's blood-serum -bouillon. The 
organisms could be gradually accustomed to ascites media and LStMer's eemm, and 
their form became more and more like that of pseudo. diphtheria bacilli ; ttiey grew 
more slowly as grey, slightly granular colonies. They had a ^ery great resisting 
power against heat, standing 60= C. for three-quarterH of an hour without being 
killed. When injected subculaneously or into the peritoneum, they caused locoli/ed 
iiitlammatory nodules, which resolved spontaneously. Even when in small 
quantity in the vitreous they caused an insidious inBamtuation, leading to shiinking, 
very similar to the intlamniation produced when the organisms were injected into 
the blood. When large quantities were injected into the carotid, metastatic 

' The Kurd ' escitiug ' is llsi-d as ItKiislutiou of SiiiHjiaihi:ierenri. the original cyt, Hiirt 
' svmiiathetic ' is used as trsiisUtiou of Si/mi'iliack, the Mcondaiily affected vje (A. M-), 

* cy. r. St. /. A., 1800, BFiUg., i>. 10/; 1900, Dd. xxxviii., p. 678; and Bruiis 
J/iiieA. Mfd. WoA.. IWe. p. 1»S8. 

• DattKhe Mai. JTocft.. 1H04. ' A./. 0., IWE. Ixii. 2. 
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oi a. patient sulfering from sympathetic ophthalmia), attbougb ^ve ob 
(juantities o£ blood at varying times. Vic could not convince oursel' 
blood of sympathetic patients had any more severe effect on tho eye 
than the blood of a normal person. 

Zur Kcdden'B results show that here and there organisms of the g 
paoudo-diphtbr^ria bacillus occur, and con multiply and cause insidious ii 
in the vitreoiis, not only when directly injected, but also by infection ol 
stream. These bacilli, when in the blood-stream, are unable to p 
demonstrable changes in other parts of the body, a characterietiu aJso ] 
the still undiscovered cause of sympathetic ophthalmia (Romer and Ulb 
literature of ' Saprophytic Inoculation ' in section ' Woond Infection,' p. 

It should be noted in this connexion that Schirmer produced an iosi 
cyclitis. without any organisms being demonstrable, by the introdactioQ 
tissue from sympathetic exciting eyes into the \-itreous of rabbits (Hei 
1900, p. ISO). Bomer produced an irido-cyclitis {ibid., 1908, p. 88) wil 
of foot-und-month disease and chicken-pox. Bomer produced in apes m 
pigs an iridocyclitis, followed by a general infection. He considered 1 
here an experimental analogy with the still unknown virus of i 
ophthalmia, though the manner of the transference and spread of tbei 
could not be followed. 



CHAPTER XI 

THE ORBIT 

I Bbbino that the inteetiou3 diseases of the orbit are, with rare excep- 
I tions, due to a spread from neighbouring organs — only very rarely 

are they metastatic — their bacteriology will agree with that of the 

surrounding parts. 

The biicteriology of the orbit corresponds in a very marked degree 
I with thitt of the accessory sinuses of the nose.* 

veatigatioDB and ihe 
1 the bacteriology of 
903, sec. of Ophth,, 
' by Zoraiko (second 
1 the f<etid, stinking 



In this connexion wb only need to indicate the careful it! 
collected literature in the work of Stancoli-itnu and liaupp o 
I the enipyemata of the ainusea (Intern. Med. Congr., Paria, '. 
I p. 10:-!). and the ' Handbuch der Erkrankungen der Kas 
1 edition, 101)5. Karger, Berlin I, The first authors state that ir 
enipyemata, which are especially due to carious teeth, along with pyogenic organ- 
isms, aniterobic putrefactive organisms were found (according to Veitlon and Zuber 
S. pcrfrtngent, B. ramnam, D. terpena, B. frngilU, Si. iiarvulut, to which 
Zaruiko adds B. jfnor. puti:, and B. jiyg. fn-i.). These putrid inflani mat Ions 
mostly spread from the maxillary antrum, and originate from the teeth, nhose im- 
portance in orbital intlaimiiations was first pointed out by Pagenatecher. In the 
simple purulent or roue o- purulent empyeiiiata. whicli are most couimonly found in 
the other sinuses, the pyogenic organianis alone are found, and according to Stancu- 
leanu and Kaupp, in the following order of fretjueacy ; 

1. PnenjUKi-orci. 

2. ., with Slrejitorofi-i. 

H. „ with pHeiitnobiicilH (Friedliinder). 

4. .S't rep (ococct alone. 

5. Slapkijlococci alone. 

The actual frequency might vary in other lists ; the overwhelming importance of 
the Pneiiin<"-<ii\'i is establiahed from large collections of material. To this Hat must 
be added the rare cases of inHuenza bacilli, diphtheria bacilli, and Mrningoroeci 
being found in the empyema, of which they were the cause ic/. Zamiko's Utcrntare ; 
also EversbuBch, second edition Graefe-Saeiuiach, 1903, and the collected literature 
by BroDS in the - Ergebnisse ' Lubarsch-Ostertag. 190U-li<U3). Pseudo- diphtheria 
bacilli have been often found, bat are of uncertain significance. 

' Aa Fiiehs lirst sliuninl, Ui<' lacrynial aac, lwiu(i in dine relation to tlic aiuim'S. in 
ocoisionallv the Ewutcr of orbital oo'tiiidicatiouB (w* tlie literature bv Moiuela. Th^v ■>' 
Bunifuar. 1B03 ; liy True, Ann. irOn}., 1900, [v 94 ; and AntoJielli, <>,Mh. Kli«it;. 1900, 
Ni>. 7), It is doub'tful whethrr or not in many of Ihcw cawa the siilieuoidttl sinos nas not 
also airwtvd. 



386 BACTERIOLOGY OF THE EYE 

Seeing that the empyeinata of tha sinuses often occar in 
or SB Bequelfe, of infectious diBeaees, the orbital complicat 

they cauBe were formerly considered as metastatic, the 
between them and the nasal condition not being known, 
know that the case is different. 

It should be noted that tha original Binasitis can heal by 
into the nose, while the orbital condition to which it gives 
gressive, as it cannot find any drainage. At the time that 
condition in under treatment the original sinusitis may be 
have been nble to demonetrata Buch a condition by explorato 
ing in the case of an orbital suppuration connected with an 
sinusitis.^ We can only consider an orbital inflammatioc 
tatic when the evidence is conclusive on that point. 

It is therefore not to be wondered at that the orbital infla 
so far as their bacteriologj' is given in the literature, a| 
bacteriological essentials with the sinus affections. It 
necessiiry to go through these singly. 

Pneuiiiococci have been found by Hirsch,' Kuhnt,' Guignot-Cftbai 
( r/it'»e tie Burdeatu, 1908), De Laperaonne,^ Weiaa,' Lefrain'ois/ Axeafe 
Thoiuson.'" 

SIri-ploeocci, in part milled with Staphylococci, by Berger, Bi 
TroosBeau, Axenfeld, Brand, Hirsch, ThomBon [loe. cit.), Villard lAre 
18S5. p. 477). 

Stn/'lit/lncoeci alone by Perfiem, Axenteld, De Lapersonae, Brani: 
Orlandiiii,'- Terson {Hec. ifOj.hth., 1894). 

ItiHucniia bai'illi by ^iegiiBt,'^ Axenfeld and Brand.'* 

D.fusifurmit, Jlornx [Soe. Frani;. d'Ophth., 1805, p. 385t. 

Tlie empveiiiaia nml the orbits! inflamuoationB whicli occur in pneura 
Hlways iluc ti) llif J'tn-i'iiu-'i'ii-im, nor those in influen^u to the intluei 
l(n the ciimrHtv, the bacterioloKicul findings vary in oiie and the saiut 
disc'iise. < liKniiisms nrir prtviously present in the nose (perhaps, too, in 
anil thfii! can nut jmthiigcuifally when the lowered genernl condition 
opportunity. 

I'e Laptrsonne funaidered that CHses cauicd by the StnpJit/Inocoix a 
milder thiiii those suppurations which are doe to Pnciimoi-orii Sfri 
Frivdhin>ifr's ru,-i,mvl.,<cilli,a. 

FiLgc's opinion tAiin. d'llcid., IHB.'j, p. 341) that oziena bacilli from 
infected nasal sinuses cnn reach the eye and tliere set up an iritis is iiuil 
It U certainly nut iiiipoKsible that a general infection has to occurred, t 
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B infected metostaticiJly. But such ib unlikely. Though a transference of 
toxiDH from the DOse or nasnl sinuses into the eye has ao often been put forward. 
Buch has never been proved beyond all doubt to have occurred in any single cose, 
a of bulbar inflammations in these (nasalj aflectionB can quite as well 
ItM explained by a localizin:; and predisposing reflex ciroutatory disturbance, due to 
the neighbouring affection, while the true eioiting cause of the iritis, Bclerttis, etc., 
<ia perhaps something quite apart from the noae. 

The rare cases of orbital cellulitis in infants cannot be associated to 
the same extent with affections of the sinuses, as the sinuses are either 
absent or undeveloped up to the eighth year. In the case of infants 
during the first few weeks' infected birth wounds should be considered. 
In older children- lid infections are possible causes by metastasis. It 
is only after the sixth year that a nasal etiology becomes important. 
The youngest person whom I have seen with an orbital abscess which 
certainly oni;;inated from a sinus (sphenoidal containing Streptococci) 
was nine years old. 

.psulated empyemata the organisms die out with varying 
rapidity. The contents of a mucocele, according to my experience, 
are mostly sterile. Such an encapsulation is rare in the orbit. Still, 
a case is reported by Hii'sch^ in which the pus was sterile. 

It is interesting that orbital infections can occasionally lead merely 
an infiltration. These eases, which are often confused with 
tumours, can resolve without suppuration. This is the condition 
present in some at least of those peculiar cases ol exophthalmos, 
which disappear after resection of the external wall of the orbit, 
though no pus or tumour has been found. I have had a case in 
which, on opening the orbit by a Kiiuilein, the orbital tissues were 
found to be densely infiltrated, and only after eight days the pus was 
discharged {Stajih. ann-iia).* Many of the transient orbital swellings 
associated with sinus empyemata must be considered to be collateral 
toxic inriammalory (edemas. 

The occurrence of metastatic orbital inflammations cannot, however, 
be disputed." Two cases of orbital suppuration recorded by Pergens" 
can be considered, with some probability, to have been metastatic 

' Diljnrdin. Jour, 'la Scienrrs MM. rle LiUt. 1888. p. 199. LepUl, Soc. Beige dOjihlh., 
KcivMuWr, 1897 (Wn/,ftp/w«-i). Orinndini, la Cliii. Ocuf.. 1904, p. 1173. 

' CalmuHM and L*n«rqiie, ThiM rfe Faun, Bordeaux, 1903 (two y«ua old, Pnruuuxocei). 
TroustMu, Ann. •I'OchI., IS9S, p. 343 (nine utanths old, StTtploeocei and Slu/Jiyloaxxi). 
MuUer, Inang. Dissert., Warxbnrg, 1903, p. 29. 

* rra-rr Jttd. IFoeh., 1894, No. U. In seven cases of orbital ™Ilulitia there was only 
ODP which was probably metastatic, 

' C/. Gntbers Dissert., FreibarK. 1902. 



' Qf. the dissertation at Schwnid, Basel. 18S9 ; also a probable ease by Aienfeld 
A./. 0.. 18B4, xl. la: ; also MiilUr, Dissert, WurxboTK. 1905, p. 35 iStrtptoeecei). 
fAnn.irOcuL,eii^.27S. 
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(one with Friedlander's badllos, the otberirith Stajih^aeoceu» « 
and B. pi/oci/aneui) ; bIbo tfaa ease in which Loeeer* foand B. eoli in 
orbital pus, anla case by Gobom {Areh. ofOphth., 1906, p. 467) inib 
Streptococcug. Beis* coH.^iriuoh zeanlted from a pastille of the apper 
lip {Staph yloritci and Strqttoeoeei), and in which a oiranmBoribed 
abscess was tonned in the lamina eribrosa of the optic nerve, wai 
conaidered by die author aa infection 1^ way of the veins. The oaae 
>• of Panaa^ was certainly endogenoiu; this was wj intereating 
\ regarding the jaestion of loeatixing canses. An angioma, which had 
f been partly thromboaed by electrolytic treatment, was infected daring 
t}ie course of n typhoa' abdominalia. Typhoid bacilli were foond in 
the pus, having probably been oonveyed there by the oireulaiing 
')lood. 

Primary oataomyelltic nodnlae also oceor in the walls of the'<»)Ht 
(von Ammon *) ; these are not only tnbercnlar, as is oommonly. the 
case in the zygomatic, but also ean be dae to p^jgenio ooooi. Moras' 
has pubhsbed interesting results in eases of staphyloooceal orteo- 
myelitis. 
The formatimi of sappm-ating periosteal abscesses is also posaiUe, 
specially after oontnaionB. Carefol dilEvential diagnosis in the tntoce 
\ will show how far these are dae to parely periosteal abscesses, throo^ 
Ml which the jiyojenic organisms in tiie blood are endogenonsly located - 
H at the site of the oontosion, and to what extent primoty sinos ehanget 
are at work. Traama, especially contasion, is an important factor in 
the etiolc^ of empyema. 

In its rare purulent form, tenonitis, occurring in infectious 
diseases, is certainly a bacterial metastasis." Even in the non- 
purulent serous forms we must consider the possibility of a toxic 
cause ; the same considerations are here of importance as in the case 
of the benign forms of metastatic ophthalmia (c/. p. 364). 

Leaving aside the cases in which the orbit is affected by collateral 
cedema and infiltration, it is extremely rare for orbital suppuration to 
result from operations on the eye or its adnexfe. 

The orbital tissues sometimes, however, convey an infection 
upwards to the meninges, especially when an eye is enucleated in a 
condition of violent panophthalmitis, a procedure which Graefe con- 
sidered as contra-indicated, but which still finds supporters. Enslin 

' Z. /. A., 1802, riii., S. 24. i A. f. 0., 1905, lix., S. 155. 

' A.f. 0., 1901. lix., S. 156. ' A.'f. A.. 1904, xlix., S. 1. 

' Soc. d'Ophih. de Paris, 190£, I'ef. A'. M.f. A., 1905, i., S. 436. 

' Fucha, Mazza, Rollet, Ann. d'Oeitl., 1902, cxxviii.. S. .12. Bitiniier. T. O. S.. 1903. 
ixiv. 209. Purtuclier, Zent.f. A., March, 1904. 
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and Euwahara,^ in Oeller's clinic, examined such a case, and found the 
Strq>tcrn<:ci extending in the lymph spaces and the optic sheath right 
up to the meninges (the globe also contained bacilli and Jiijili'cucd), 
although the orhital tissues showed no macroscopical change. 

The danger is greatest in those globes which have open septic 
wounds or ulcers, where the orbital tisaues can be directly infected at 
the operation, while those cases with more encapsulated abscesses 
appear less precarious. 

Meningitis ia much rarer after exenteration of eyes with panoph- 
thalmitis. In Pea's case \K. M.f. A., Ul05, ii., p. 550) death from 
meningitis occurred three days after the exenteration. In the globe 
with the panophthalmitis Staph yhndrci. were found, and in the 
meninges Slrcpt"r<icci. In the single ease of Bocei- recorded by 
Enslin and Kuwahara I'lieiimococri were found. A further case of 
Alfieri,^ though caused by Piifumococcui, is put aside by them, there 
being a general pneumococcal sepsis present. 

The panophthalmitis, for which the eye was exenterated, was itseli 
metastatic, and the meningitis could equally well be metastatic, and 
not the result of the exenteration. 

In a case of meningitis following on a septic wound of the globe 
De Laperaonne found I'lu'iimoaxri in the orhital tissueB. He also 
succeeded in infecting the meninges from the optic sheath. Menin- 
gitis caused in this way by a panophthalmitis is comparatively rare, 
as the passages from the eye are rapidly closed by infiammatory 
coagulation imd thrombosis. 

In those well-known cases where erysipelas^ of the face or the lids 
passes Into the orbit, and finally affects the menmgee, the lymph 
spaces around the nerves or vessels in the orbital fissures, the sheath 
of the optic nerve, or the veins (thrombo-phlebitia), are to be con- 
sidered aa the means of passage for the Streptococci. 

The orbit iiiiiBt be considered as an etuiaaary paaaage through the skull, convey- 
ing erysipelas along its veina in the [orm of a septic thrombo-phlebitia to the 
meninges.'' The inflamiuatory and degentrative chaugta which occur iu the orbit 
are partly due to SIrrptococci and theli- poisona, partly to vascular changes, and 
partly to compression. 

Addario" argues that blindness can be caused by a necrosis of the optic nerve, 
due either to toxins or to thrombosea blocking the nutrient vessels; tor compariBon 
he eiperimentally determined the influence of streptococcal poiaon, and also that of 

' A. f. A.. ISO^, 1., S. 285 (cf. here the lull literBturP ; also found in Bnlctuur'a work). 

' Arfk. rf< OHiiI.. 1896, iv. I'O-l. ^ Arch, di IHlal., 1S87, iv. 328. 

* Leber considered tliat certniu of tlic etiolo^callv indeterminate orbital iDflauumtiont 
wero due to imnaient erysipelu. Tli« poailiibtj tbat such can occur vanuot be denied, 
but a sinusitis in nioro connuonly the cause. 

' Cf. Lelw, A./. 0.. 1880. p. 212 el ttq. • ArtA. di OUal., 1904, xii.. fasc. 1, 2. 
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Slreplococri. He made his injectioas inlo the retrobulbar tissues, but « 
to produce severe changes in the optic nerve by thia means, tmd concluded rliM i 
degeneration vos rather due to a thrombo- phlebitis of the orbit, «rhioh advi 
along the nerve. The rcEuIt^ obtained by Barteh agree tHth this viev 1.1./. 4 
1906, lvi„ p. 267).' Bnrtels, and before liim Schmidt- Rimpler, could not e 



Otschapowski's work (St. Petersburg Ophth. Soc, 190J, 
Jahresber. von Michel and Nagel. 1904, \i. 22£l) contains expi 
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mental investigations on infection of the orbital tissues wi' 
Staphylococci. 

In the reverse way a meningitis can lead to a 8pread of the mtb 
genie organisms into the orbit ; this takes place along the optic sbea 
to the sclera. This is a rare exception (Axenteld^ and De Uea 
Vollaro"), and an infection ol the interior of the eye by tbie means b 
never yet been determined. The orbital tisanes can be also infMtei 
by the ner\'es and the vessels which pass through the fissare. Ori'itdl 
eellulitiB so developed is rarely seen clinically, as such cnses are r 
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severe, and rapidly end in death.' I have been able, hb the accom- 
panying figure shows, t-o follow the Pin'iiiwn'rci in the case of a 
patient with meningitis far into the orbital tissues. 

Weeks has observed au orbital cellulitis following on an abscess of 
the forehead.- 

Naturally, orbital cellulitis can develop as the direct result of 
injuries or of infectious processes (trauma, furuncle, etc.1 in the parts 
around, as in the case by Laas'' which followed a furuncle of the nose, 
and gave .Staph yl'i'-nc cue auirii:t on cultivation. These cases are an 
intermediate stage to the infectious phlebitis forms. 

A sharp differentiation between orbital cellulitis and thrombo- 
phlebitis is impossible in many cases. Those cases which arise from 
the cavernous sinus are the purest cases of thrombo-phlebitis. 

[A case of orbital cellulitis, resulting fatally, was reported to the 
Ophth. Soe. by Snell ; see T. 0. S., 190(>. The source of infection was 
a vesicle on the lip. — A. M.J 

Infectious thrombo-phlebitis ophthalmica' arises partly in an 
ascending manner from before {infected wounds and septic infections 
of the skin and its glands, etc.), partly descending from a septic sinus 
thrombosis, which itself can arise from many sources (ear, naso- 
pharynx, sinuses, tonsils, or as a metastaaia in the course of infectious 
diseases and septic conditions). The bacterial findings in the disinte- 
grated and infected thrombi are not always those which the original 
affection would lead us to expect. 

Thus, resulting from a furuncle Iq the surrounding ports, Konne, CabaJines, 
and Aienfeld found Staph i/lococcue in the veins ; Villard found Stnj'tococci allot 
turuncIeB of the nose ; Milvalsky, whose researches are especially important, found 
Pneumocorci and PneumohuciUi in a throtu bo- phlebitis developing from au affec- 
tion of the toDails, and Slaphylocuccua in another case which occurred after 
erysipelas. 

It is a strange fact that occasionally after a. process on the one tide — e.ff., a tonsil- 
litis—by the intermediary of the cavernous sinus a septic thrombo-phlebitis o[ the 
opposite side can occur (Leber, I'anas, and Terson). 

' C/. the Utamlure given by Axeufeld, Uoitaliseh. /. Nerrenh . lSil7. i, 415 ; alw dy 
Uhthotf, HeideL Conf., 1905. The case of HolfnianD is quite exeei'ticiial : there, aflei u 
meningitis, an eacapaulated abscess was denionatnited in the optic aheatli. 

1 ^Htt. d'Oeul.. 1«)I, cxxvi. OH. 

• Z./. A., 1902, vii., p. 17B ; here tlie litemtare. 

* BavterUl findings : <!/ OUnsburg, ICJetlnil: Oft., July, 1S95, aud JrtA. dOphA.. 1896, 
xvi. aSO. Mitralsl^, iWrf., 1898, xvi. 22, E. HoRiiiattii, Z /. A., 1M8, iri., Ei^ush. 
Tersou, BenMeil d'Opklh., 1893. Eversbusch, Leber, lot. dt. OilUt, Tl^M dt Park. 11*05. 
Stocker, Arch. f. Atujtnh.. 1901. xxxiv., 8. 1B6. Villard, Anh. iTOphtk., 1865, xv. *7r- 
Muller. Diiwrt.. Wurzburg, ISOS. Konne, MUHek. Mtd. IToch., 1904. S. 943. CabanntM, 
Jour. ifed. de Bordciux, 1904. ref. Micliul-Kagel. Boahaii'Diivigneaiid and 0nn*7. Arch. 
rfc MAI. dm E-nfanU. 1906, S. 537 (Stnphj/locoeciu owreu.). Uorax. Soc. /Voiif. d(^lh., 
1905 {Slrepbxoeei and Staphttlocpcei)- Barttli, A./. A., 1904, Ivi.. 8. 267. 
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'aaea of actinomycosis of the orbit are recorded by Partsch,' 
nsom,- Harier and Gauthier,* Coppez and Depage,' Vobsius,^ Koeh," 
mfeld," and Weeks.* 

t. f. A., Ck-to'»r, 1S93. - B. M. J., Jun« 28. ISSti. 

r. MJi. dt Briiidla, 1902. 

'pnptDepn^. Jour. iltd. de Brnxtila. 1B03, So. IS; Are}%.'rOphrh.. \m\. p 1H3. 

h. 'Two OtMm of Omtnl CiilliiUliB, One due to ActinnmyBoris,' Antl. Vi-Tcin. 

.g, i«f. ophtk. KUiiii; 100*. 8. aitn. 

iwkt Mft. iraeA., \Wi. S. SIS. 
i'<BW Vork 1^ aii<l Eu Infimtarjr B«}>.,' Juitury, lS9i. 
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Abscess, periosteal of tlie orbit, 328 
AbscessuM siccus, 329 
Acarus follieiiloruni, 56 
A cue, 5H 

Actiuoniyces albus, 288. 29."i 
in dacryocystitis, 281 

homiuis s. bovis, 288, 289, 295 
Actinouiycetes, 295 
Aclinouiycosis, 73 

miliarv, of thr elioroi<l, 370 

of the'orbit. 391 
Aerobacillus citreus, 42 
Aggressiu iuiuiuuity, 335 

serum, 387 
Alcohol for disinfection of the lid margins, 

98 
AleMKJ boil, 72 
Amboce|>toi-s, 334 
Anaerobic cultures. See Culture 
Angular conjunctivitis. ItiO 
Aniline dye, simple, 5 

water, gentian violet, 7 

xylol. 10 
Antagonism, 43 

between trachoma an<l pneumoco<>ci, 
181, 271. 304 
Anterior cttamber inoculation, 22 
Anthrax gangrene of the lids, 64 
Anti-am(ressin, 335 
Antib<^es, 334 
Antipneumococcal serum. 100 
Antistreptococcal serum. 209 
Aspergillus funiigatus, 96, 315 

B 

BaWs-Ernst bodies. 193 

Bacille en niassue. See Xerosis bacillus 

filament .MIX, 294 

s|>orulec, 90 
Bacilles courts. 192 

longs. 192 
Bacilli, <Ira»i-negative, in dacryocystitis, 
279 

Herbert's intra-epithelial, 325 

j)yog(nic. in dacrvocystitis. 282 

'tuberculoid,' 348 
Ikcillu hiHiin»Hlo, 153 
Bacillus acidi lactici, 92 



Bacillus aeris minutissimiis, 148 
agilis, 91 
ali)icans. 42 
aurantiacus. 42 
aui-eus. 42 

minutissimus, 148 
butyricus, 42 
candicans, 91 

conjunccivitidis subtilifoimis. 247 
cuticularis, 41 
cyanogenes, 91 
dendriticus. 91 
ditfusus, 42 
Huorescens, 92 

in dacryocystitis, 279 

li([uefaciens, 42, 92 

imtridis. 41. 91, 292. 385 
fragilis, 385 
funduliformis. 282 
granulosus. See Xerosis 
inflatus, 41 
lactis aerogenes, 242 
latcricius, 42 
liodermos, 42 
liquefaciens fiuorescens putridus, 92. 

385 
luteus. 41 

megatherium, 92, 95 
mesentericus, 41, 91 

in conjunctivitis folliculosa. 272 
mucosus CHpsuIatus, 242, 326 
mycoides, 91, 92 
nodosus i>arvus, 41 
ochi*aceu8, 42 
paterifomiis, 42 
perfringens, 85, 385 
prodigiosus, 91, 200 
proteus rtuoi-escens, 311 
proteus vulgaris, 41 
liseudo-conjunctivitidis, 148 
pseudo-diphthericus Anilgaris eonjunc- 

tivie. See B. xerosis 
pyocyaneus. 95, 310. 368. 378 

m atvpical hyiK)pvon - keratitis, 
306," 309 

in dacryocystitis, 281 

keratitis, 306, 309 

in nictastati(r inHamniation of the 
orbit. 3S8 

in ophthalmia neonatorum, 229 
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tncliojJiytita, 71 
Bpb n ro -ronj uii ptivi I 



0>pnl«^US 
O^Milfr^tainiiig. 12 
Outwl ftiehHii, S 
tohiidiii. 11 
Owbouto of linu In omlimlT < 



OwiuoaU! 



.1* UoiTinklii, lap 
:, inlMjtion of, 93 



ftunnele, 80 



OktHTb, 

logfrnl flndingi, lit 
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collection of material from, 1 
coocrementa of, 250 
diplitlieria. chronic, of. 203 

of, in scarlet fever and mcaales. 
205 



follicular atfectious 
glanders of, 249 
pononlitea of, 22i 
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dinu'sl ap]>earance9, 1<10 
BuUureB. 1«3 

dilTcTential diagnosii or, 173 
dijilobarille liqiic^lmnt iJ Pritit, 1ST 
flndintn in tti« ■eoivtion, 192 
with rolUcU rurruation, 272 
^;eoKrs[ibiCH.l sgiraad and epidemi- 
ology, 158 
hisiorU'il, 1S7 
mor|iliulogj- of i!is liMJlIus in 



Globi. 313 

Glyceriue-ettiOT mixture, 11 

GonowxK'al infection, eliuiuil ajiiK-urauc^^, 

mild coiine o1, 226 
stlscefitiViilily, £26 
nlong with trsuhonia. 22G 
Uoiiooui'i'l in coiij^nital bler>non-hce«. 220 
in i.'oujuuatiTitis p«eiido-iiieiul iraiiiiss, 
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- "^tuient. 173 

Gnrni -negative, 214 
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ins alliicauiu, 8fl 
UrdiMinmi. 30, aU 
us, 3fl 
«, 33 

ous, 317 

•aa in ophtbaliiiia iieonaiorum, ^£0 I 
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>, 3ie 

iitnm tcpticicmin, 183 
.Jon IQ conjunctivicia, 123 
^y-Kreftini; Ijacillns (iiluu« moUeJ. 71 
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n lcsp«ulea). 13 



L- ocular metaatatic 



Ectopias 
Eczema, a 

impetiginont, S3 
SodotoxiDB of Pneuniocoi'i'i, 334 
Epidemics, ucnte, etiotogj' of. 110 
^Jiipelaa, 62, S$9 

F" 
Favnt. 70, 287 
Febria recurrent in 
iuDumiuation, 370 
FollirUa in pneumoeoi^cal conjunctivitis. 

Follicular coajunctiv itia, 261 
FollienloBis oonjnuotiv.'e, a71 
Foot-and-moDlh diiieaev, 381 
Foreign body, wound by, 8S, 91 
FramUcsia Hmxilisna, 75 
, Friedliindei's bacillus. See PQsumobacilliM 
Fungi ira]ie[fei'ti, '265 

(.i 
Gangrene of lide. 63 
Gentian violet. 7 
Giemaa stain, IS 
Glanders, 73, 2J9 

baoillt, nunpholog;, 219 



.213 
ninr)iliologj and uullure. 212 
' uresem^e in aniinala, 21U 

in trac'lioma. 3U2, 2H3 
Grttm-negative nrKaiibins, 
liram>}ii^tire orgmiiama, 9 

Weigerl'ii modiBcatioD of, for i< 

(Ironule-stuining (yeiaser), 17 



Hieniaglobin, uiodia containinK, 19 

Hwuiolysin r»(^tioD, 3jl 

HieraoljBis bj non-patbogenii' Stuphrlo- 
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Hay bacillus. See B, tiibtilis 
Hefa colonies on ni^rnuil skin, i'i 
E.ef*> in bUstouiycosia cutis, 71 
in aholoziou, 08 
keratitis, 321 
in spring mlarrh, 252 
Herpes tonsnrann, 71 

Holfinann's modified stain far Spirmbiul 
18 



HdixIi'oIuiii, 59 

Hypopjou - ktra 
tttypifftl. 302 



Immunity of the aqueous, 911 
of th'e eoraea, 101 
]pQrtitipation of vitreoo? in general, 100 



agaiost PueuniocoMJ. 332 
Impetifc'o eoiitiigioaa, .16 
Index, oirBonic, 355. 3&6 

phagocytic, 355 
lufection, post- operative, from «iprop]iyte«, 

291 
Inflammation, iutra-wnlar eudo);tmjii»i rheu- 
matii;, 369 
I aerofulous, i':iD, 2.i3 

' opsonic ind«K in, 2.^9 

tubercular reaction in, 2ii7 
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Influenza Ucilli, 113, 149 

in atypical hyjiopyon-keratitis, 306 
l>actencidal immunity, 150 
&s cause of conjunctivitis, 124 
in conjunctivitis of measles, 251 
in dacryo-adenitis, 131, 299 
in dacryocystitis, 280, 281 
as facultative cause of conjuncti- 
. vitis, 111 
group of bacilli in dacryocystitis. 

275 
intra-ocular inflammations, 369 
in the lacrynial sac, 154, 277 
in metastatic ophthalmia, 369 
morphology, culture, 149 
in ophthalmia neonatorum, 228. 

229 
in orbital abscess, 369 
in orbital inflammations, 380 
presence in the eye, 150 
m sinus empyemata, 385 
in traclioma, 266 
Inoculation keratitis from Staphylococci, 
302 
after section of trigeminus, 328 
Inulin-water (His), 188 
Iodine-i)Otas8ium io<iide solution. 7 
Iodine reaction with Streptothrix buccalis, 

287, 288. 289, 293 
Iridocyclitis, from B. coli liquefaciens, 93 
from bacilli of the influenzal group, 

94 
from bacilli of the Subtilis group, 94 
insidious, 93, 368 
from Pneumococci, 93 
from saprophytes, 92 
from Staphylococcus pyogenes albus, 93 
Iris, lepn)sy, maculo-amesthetic of, 346 
Iritis, exi>erimental, 379 
metastatic. 372 
in pneumococcal conjunctivitis. 180 



Jadassohn's modification of Oram's stain, 6 

K 

Keulen l»acillus. See B. xerosis 
Keratitis annularis {larenchymatosa, 361 

dendritica, 327, 329 

disciform is, 329 

fascicular. 257, 302, 305, 316 
from Pneunuxxx.'ci, 304 

from Hefae, 91 

neurri-j»aralytic, 329 

]>ann<i8a (leprous;, 344 

I>arenchymatOHa, 361 

punctata leprosa, 341. M^t 
su|>erfi(ialis, 325 

purulent. 302 

in diphtheria, 312 

8^rofiih»Ha, *502 
Kenito-ronjiinctivitifs plilyi^iiulo-ia. 253 
Ker;itomula'i;i, 305 
Keratomyc*o»U a9|K'rgil]in;i, 315 
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Koch- Weeks liacillus, 139 

in conjunctivitis ot measles, 251 
in dacryoi'ystitis, 2v*i2 
inoculation of pure cultures in 

man, 134 
mixed infections, 141 
morphology, 189. 144 
in ophthalmia neonatorum, 114, 

115, 22S, 229 
in iiseudo-membranous ooiguncti- 

vUis, 113. 204 
resistance of eultui'es, 144 
in scrofulous iuMammations, 257 
toxi<' proi>ertie8, 14tJ 
in trachoma. 185. 139. 261 
Koch- Weeks conjunctivitis, 133 

clinical apj>eArHn(*es, 137 
contagion, prevention, 144 
cultures from, 141 
diflVrential diagnosis, 148 
geographical tlistribution, epi- 
demiology, 185 
historical. 133 
immunity, 146 

patho^nicity. diRi>osition, 187 
secretion, flmlings in, 189 
tivatmcnt of, 146 



Lacrymal gland, infection, 20M 
sac, diphtheria, 281 
glantlcrs of, 282 
rhinoMclrronia, 282 
trachoma of, 269, 276 
tul)erculoNis of, 276 
Lens in leprosy, 340 
Lepra bacilli, 311, 362 

staining in >«>ction8. Baumgarten h 
methotl. 17 
cells, 342, 346 
Leprosy, 341 

maculo-an:esthctic. 315 
tuben'ular, 341 
Leproma. 342, 344 
Leptothrix, 2S6. 293 

bucralis, 286, 291 
Leucteinia, acat«. 865 
Leucocidin. 37 
Leukouostoc, 186 
Levaditi's staining, 18 
Lids, the, 49 

aliflCi^s of. 60 
anthrax of, 61 
furuneh- of. 59 

f;angr»*ne, Mrnile. of, »U 
cpnmy, tul»ero»»a of. 313 
ulcus durum of, 357 
Iy>ftl»rr'« blr>i^.»M-nim. 19 

diphthi'ria lfti/:illi Hat- diphtht'Ka 

iMicilli 
ni»-thylen<f blu*-, 5 
ni<idiMc;ition o| (imui'H htain, 7 
universxil lu'tji'^'i, 5 
Luttkokk'Mi ill ni«'aitl<'<) < oujun'tivitiii, 251 
Luft>>taiK;hen. ?>♦.-«• B. x«-p/*if, 33 



BACTERIOLOGY OF THE EYE 



1 keratitis. iufMtiaiu. 300, 321 
T tnreecioiia. tili.. S2I 

greiaive, or ulviis Hrfwnii, i 



I, ID 
ii>>. 213 

I iutrMclluUrIa, 2]4, 'ili 
:i uu vtriciiu 4U£ar*i SIS 
.utin»tiou uf, 218 
*" -wnjuiirtiv*, 2S3 
8 

\ dUgiiMii. S18, 220 
.tic ophUMlniu. 874 

^nlcit; lor Mimali, 319 



ilicroowicus rowiis, 3fl. 41, fll 
tnbilunis, 3^. 2H 
I ,ul[J.urea». if. :.i - 

InrtllgrAfluti. SU i'*W9* 

I letrniKims, 10. ■■i79 ■■ '^ 

I Micros|iuraii trdcliomitluiuiii, 2SS 

I Honocslt^ium phoBphite in cmiiAli'^liU' son- 

or*mtuta, 2SS 
' Mornhn't alba. 342, 387 
Moiild ponereCiOTis. 285 

ftingi OD tlii> uonnsl coujiiiiativK, 19 
I iu tracbcxim. 265 
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differenti^ dia«ao«ii, 220 
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jiincCiva, 224 
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300, 312. 321 
iuMiulatioii of. 334 
morphology, 328 
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nou-gnnorrhiBftl. 22S 
from PuBuniococci, ISO 
Nervi-cilUret in tiiaoul>>-aiiii9cttu!tio Imo'Mj. 
346 

ia tulKFtwa lejirosf, 345 
NeryitH lacryiiialia in leproaj, 348 

opticus in leprosy, 345. 341] 
Neuritis, leproim. 345 
New-boni infants, cuojanctira uf, 25 
New Ulbvrculin, T.K., 353 
Nioolle's thiouin -staining, S. 11 
Nona of the lids, 64 



Oidiuni albicans, 02 
Oiispura, ZHS 
Oplitbalniia anguUris, ISO 

bacterial flndinga, 364-330 

twnl)^, 305, 373 

cryj'togenetic. 368 

Egyptian, 262 

in ejiidemic ceit'bro-spinsl meiiliiKlti^ 
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ophthalmia, surgical form of, 369 

sympathetic, 379, 383 
Opsonic theory, 334, 355 
0|«(min. 354, aSf), 356 
Orhital iiitlammatioii, 385 

actinomycotic, 391 

erj'sipelatouH, 389 

metastatic, 387 

from throml»o-phlehitis, 391 

tmumatic, 388 
Osteomyelitis, 388 
Ozii^na fjacillus. See also PncuniolMicillus 

in aty]>ic-il hypopyon-keratitis, 306 



Pannus scrofulosii, 2.'>7 

trachomatosa, 214, 264, 267, 303 
Panophthalmitis l)acilli, 87, 88 

from H. coli, 239 

from B. ])yocyaueus, 310 

gaseous (' i»anophthalmie gazeuse *), 96 

metastatic, 364 

IK)st-oiM?mtive, 94 

spontaneous, 377 

traumatic, 94, 95 

tubercular, 369 
Papillo-retinitis sympathetica, 3S2 
PapiH*nheim\s stain, 11 
Parinaud's cnnjunctivitis. 129. 250 

Scholtz bacillus in, 251 
Parotitis, eindemic, atfection of hicrymal 

gland, 298 
PeiliorcK'cus cerevisiie, 41 
Penicillinm glaucum, 318 
Pericystitis. 280, 281 
Petit *s t3'T»e of the Diplobacillus, 167 
Pfeiffer's i>acilli. See Influenza l»acilli 
Phlogosin (Leber), 38 
Phlyctenular a])]>earance in pneumooriccal 

conjunctivitis. 178 
Phlyctenules, 253 
Pick-.Tacobsohn's stain, 6 
Pigment, 12 
Pigs' semm nutrose agar (Wassermann), 141, 

212 
Pneumobacillary conjunctivitis. 241, 243 
PneumoUcilli, 94, 172, 241, 324, 326 

as cause of conjunctivitis, 124 

cai)sulc8. 244 

in chalazion, dyQ 

in conjunctivitis jaeudo-membranosa, 
204, 243 

cultures. 243 

in dacryocystitis, 244, 279, 280 

ditferentiai diagnosis, 244 

as facultative cause of conjunctivitis, 
112 

in hypopyon-keratitis, 245 

in infectious thrombo • phlebitis oph- 
thalmica, 381 

in keratomalacia, 245. 305 

in metastatic ophthalmia, 369 
orbital inflammations. 38 S 

in sinus enipy»-mata, 3S5 

in ophthrlmia neonatorum, 229, 243 



Pneumobacilli in orbital inflammations, 
385 
jmthogenicity of, 244 
in serpiginous keratitis, 305 
in ulcers of the cornea. 245 
Pneumococcal conjunctivitis with formation 
of follicles. 271 
clinical a])iH;arauces. 173 
contagion and susceptibility, 181 
critical termination, 178 
findings in the secretion, 182 
historical, 176 

infection in trachoma, ISO 
occurrence and geographical distri- 
bution, 177 
immunity, 100, 832 
I>rophylactic, 101 
Pneumococci. 94. 95.96. 98, 101, 103. 183, 
243, 300, 322, 365, 389 
agglutination of^, 188 
inblennorrlnea neonatorum, 229 
capsules of, 189 

as cause of conjunctivitis, 124. 176 
chain formation in, 189 
in conjunctivitis pseuilo-membranosa, 
204 
of measles. 251 
cultures. 183, 184 
in dacryo-adenitis, 398 
in dacr3'ocy&titis. 275-280 
i in neonatorum, 284 

differential diagnosis of, 184, 208 

as facultative cause of conjunctivitis. 

112 
growth on blood -agar. IS*^ 
in infectious throm bo-phlebitis, 391 
in keratitis faiciculosia, 301 
keratomalacia, 305. 308 
metastatic nodules of the retina or 
choroid, 366 
oi>hthalmia, 368. 372 
mixed infections, 189 
niorpholoj^y, 184 
on normal conjunctiva. 40, 1S2 
in n])hthalmia neonatorum. 228, 230 
in orbital inflammations. 386 
in purulent keratitis. 302-308 
in punilent tenonitis, 367 
in ring abscess of cornea. 311 
in scrofulous inflammations, 257 
in sinus em])yemata. 385 
in trachoma. 261. 262, 263 
in trachomatous corneal ulcers, 312 
virulence of. 188 
Pneumotoxin. 333 
Polychrome methylene blue. 11 
Pranter's orcein solution, 11 
Preauricular gland, swelling in pneumo- 
coccal conjan<'tivitis, 180 
in la(*rymal streptococcal con- 
junctivitis. 206 
Prot«*us in conjuncrtivitis of meash's, 251 
in dacryocystitis. 2S1 
in gangrene of the lids, 91 
in ulcus ser[>ens, 306 
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in the thrMt, IHfl 
in tiie vagina. I9fl 
do-gonococoi, 36. SS, 200, Sll, 227, 230, 



Hoot. liiO 

SpiroctuFU pallida, S!-7. 358, 899 

vtaining in snieara (Ciiemsa). 18 
in iiPCtiDiiB i.Lovaditt). IS 
jierrringetu, 359 
I Spores, BUining or, 1 li 
, Spring caUrrli, 129, 252 
I SUphyloae, 280 
I StaplifloviwDal conJunctivitU, 233 



..do-inBueiiM ladlli, 150, 151 

in opbthBlmia netmstoranii 229 
lo-membnuii- in pncumocoucal oon- 
notivitU. 178. ITS, 17B 
k virnlBnt btdlli. IGS 

DRlignmn, It4 

•«iiensconiiiiiotiviti», dlO 
lin, 310 
. tl 

B 
rrput ffvor, 369 
rein. 11 

ta in mwnla-aunsthettc leprosy, 34.^ 
.n tuWrcnUc Icptoaf, 344 
nitii septicB, 36S 
in'tawUtica, 3d4 
ospleroma, 72 
liaoilli. 82e 
I Iiefe. 07, 200 

in atypical hypopyon -kcrftlitiB. 321 



tetra^na, liH 
Sawinie iii couJuDolival aepretion, 287 

in dooryocyatitia, 281 

Gram-negative. 211, 21il 
Sohoo! foUioli'i, 271 
Sclera, laprosj' of, 345 

nmtutstic absoesB of, 373 

mould infection of, SIB 
Serarnla, 2n3 

as ]iredispoaing to trachnmai 2S8 
B«1f-infectiDn, 122 

with Pnenniooocoi. 1S2 
Septic py.tmia. pucrp'ral, 36S 
Sera, antitaxii-, 101, 330 

baclCTlcidal, 334 

[•olyvalcnt. 335, 33S 
Benim a^r (Wertheim). 19, 212 

B3 nic?<liiim lor Kocb'Weeks bacillus, 



Staphyloc 



1.101 



aljlrici 



aa canac of u-injuncti villi). 12 
in tliH conjunctiviiia of mnis 
in dwrjoeyBtitis, 275, 278 



Pariiis 



><, 250 



post-operstivr; poiijiinrtivitia, S34 
,n jiiirulfDt kr>raticis, 302 
ring aliacpsii, 311 
acTvfUlotia inRainniatinna, 253 
In ainus eiujiyi'uiata, 385 
vinlldiit, necvasitT for cultnnu. III 
white, iu blepliantia, 55 
nleerosa, 57 
in cbaliuion, fiO 
on tbe I'onjunativa. 33 
on tbi'lLila, '3 



flavus. 39 
citreus, 3U 

e pidp mi id i« allium, 35, 3(t 
l.a1>ancnBia, 99 
parvuhia. 335 
pyogvnea albiia, Sti, 37 

Butens, 87, 64. 57, 68, »4, 99 

in coiijtinativitiB of tiieaalca, 

251 
in dicryocyatitis neon«t«r\iin. 

2S4 
in inrKCtious tbronibo-phle- 

bitia. 391 
in kf^rdtonialacia. 30.J 
itt iiivtaatatic ophthalmia. 372 
orbital inftaiiimadona. 

in paendo-mi'mbranous con- 

juiictivitia, 204, 234. 23.'i 
in purulent dacryo - adenitis. 



StatisUos of conjuuctiviti*, 113 
Streptobooilli, 74 

DuDToy'a, 249 
Straptoooooftl oonjunutivitU, latmnal, 180, 
205 
slide diagiioBU, 207 

dJphUii'ria, 330 

imrauuity. 101 

Bi'pau in measl(\i, 2S2 

scrum, 101, 330 
Streptooocci in atypictil hypopjuu-keratitlB, 
306 

&a otiiiu or conjunotivitis, 124 

in aiuilazion, S6 

in thi' uonjimctivitia of juea^lea, 181 

in dttcryocystitis. 275, 278 

u facultativi] ciaiae of iiot^unctivitiB, 

in iufeottouN thrombo-phlebitis. 391 
ID korutomaliicla, 30S 
on normal conjancUv*, 41 
in ophthalmia neonatorum, 228, 229 
in urbiUI inlltiDiinatiunH. 3SS 
in purultiat kfrfttitis, S02, 305 
in recinitja wptios, 307 
in ring abscess, 311 
in sinuB airootiona, 385 
Streptococcas, 204 
biuvia. 209 

in the vitreous, 207 
erjsipelotJH, 209 
longia, 209 
maUgnus, 207 
mitior tire viridans, 209 

dilf«rentiiil dingnosiB, 186 
puerperal is, 207 
pyoKsnes, 204. 207 

□banictcristiai at, 20S 

in eonjunuCivat diphtheria of 
measles, 205 

in itn^Tmctivikl diphthoria of 
Karlet Twer. 205 

in coi^iuiotivitis or meaales, 2E1 

cdI tares, 208 

in daciTa-adDuitiii, 299 

dilTervntial dissDogia, 207, 203 

reimcntation of sugar. 209 

Ibniiation o( antibodiea, 209 
or raise niembraue, 190 

frowth on blood-iigar, 18B 
lemoljsiB, 209 
impetigo oonUgioaa. 205 
iu metastiitie ophthalmia, 370 
in mucouole Huid. 207 
in plilegmonoos dacryo-oystitis, £80 
in psendo-menibrauouH uonjmioti- 

vitia, 235 
in puerperal pumlpnl meUatatie 

ophthalmia. 308. 370 
in secretiun prepBratJons, 206 
umni traatment, 101. 209, 329 
iu traamntic pano]>hthalmiti8. 9r> 
viruUnte of, 209 

■ lus, 207 



Stmptoc<HK:iifi Rcarlatinoani), 183, 184, 203 

sftpticus. Seo 8. pyogenes 

Streptothrix in the canslicuU, SSfl 

the co^jlU]CtiTa, 42 



uthecc 
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Foorsteri, 1 
Sycosis aimplei, 57 

staphylogenos, 57 
Symbiosis, 4* 
Sympathetic ophthalmia. 382 

irritation, 381 
Syphilis, 366 

T 
Tannin orange, II 
Tears, agglutinating power of, 80 

antitonii- properties of, 79 

baoteiicidal propcrtius of, 77 

siilphocyanide iu, 77 
Tononitia, 387, 388 
TetAnns, 102 

antitoxic serum, 102 
Tetrs^nus, 237 

in dacryocystitis neonatanini, 234 
Thiunin-stamiufi;. Seu Nicolle 
Thrombu-phlebitis, 389, 390, 3U] 
Trachoma, 129, 261 

bocteri&t treatment, 181 

of oaoalicuti, 278 

coeci, 35, 364 

of locrynial sac, 276 
Trio homy cates, 295 
TrichophyloD of the lids, 71 

octothrix, 72 

tonsurans, 71 
Tryjanoiioma, 132, 362 
Tuterole bacillus, 316-349, 378, 379 
staining in smean, 16 

Tuberculosis. 349 

examination for >>acilli, 347 
inoculation of. 347 
oiisonic index, 355 
tuberculin, diagnosis of, 351 
treatment of, 353 
Tuberculin, 352 

Typhoid bacilli in metastatic ophthalmia, 
369 
in orbital oeitu litis, 386 

U 

Ulcutj durum, 74, 367 

moUe, 74 

rodcns. 327 

serpens, 302 

from B. ooli, 239 
from B. duplox, 161 
eenun treatment, 300, 330 
in trachoma, 812 
Ultra-mtara»co]ie in synipathuticophthatmia, 
383 
in trachoma, 265 
Urethral gonorrhn*, 228 
Uvea, lepn^y of, 345 

Uvi;al inUammatiou. exjierimental metas- 
tatic. SB7 
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Vaccine, -.fZi, ■Hi, 3SS 
VorittllB, 320 
Variola, IJ29 

proto»a«, 3"ii8 
VsBoulBr ulcer, 304 
Vilreoiui, iaoculalion, £i 

loprovy of, 344 

mania iiifectioii of, 3ia 

siippurstion, 86 
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endogeaoiu, 103 
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from the Ittorynial sai:, 118 
nenim trMtiuent or, 9)) 
supinintiiiu, experimcutal midoKViiuii 



Xurouis. Bacillus, in chaltwian, 66, 199 
aa the cotyuuctivn, 2» 

ortnimaK 33 _ 

in uat^uDcdTitiB of tnt'oslca, SStfl 

IQ corneal uloera, 301 
in dacryocyBtitis, 279, 281 
huttoriwi, 'iS 
immunizing willi. IHS 
on the tidii. 54 
method ofnirBad. 33 

a polar staimng, 32, 194 



54 



)nnal ■ 



luait. 



n Vorinoud'B uonjnnetivitiB, aso 
IjatliOBpnicity of, 196 
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in ecrofuloUB inilumiuations. i 
sj-niltioaia, 43, 44 
toxin fonnaUon. IflZ 
in trachoma, 20I> 
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APPENDIX II. 



PLATE I^-GONJUNCnVAL SBCBETION& 

Orui'b Bunt. 

Fm. I. — KooB-WKin T*tnn.T.T (tram an unli aatarrfa). Taty' 

■ra of TUTliig kngtb and ■» Gnm-iMgfttlT* (rtalned rrd). 
podtlv* (Uim) xacoM bMilH an alw pranni 

Fra, IL— BAfflLLim IxFLimxs (L, KflDar'B badBu) (from a c^uu-rbal catqiiM- 
tiTitb). Yarj ahonrt Otam-iugatiTS radi, lAieh ofMa ri-eoiiibt» eloagutf 
Difloeoeei, and an ■horta thao Hm Eoeh-Waaki bariUnn. 

In J.a tbejr an mixsd vith Koob-Veeki baelDl; in II.A the.v nn pm. 
ILo and ILd an pan onltnna oo blood iff>r (in H.o pigiwna nudutad 
blood -eorpiuplM an Mm). In ILa than an only flia ilmrt (orms ; in U^ 
than an tha longer onoa. ' 

Fto. m. — MoaAX-AxKimLn BAdLLUB (from a eaaa of angulitr blopbi^^^l 
jnnetiTitiB). Large Onm-n^jatiTe i}^pIo&aeilI^ aoma nmrnged 
ohuni. No defi 



Fio. IV.— FBinnLAiiDU'B FxBUKouoiLLna ^nsn a daerjoe y amia eaas). Qi 
negative bacilli, either ein^e or in pain ; eometimet in »ili«fc«ii ^lyf Ji 
fonn being not nearly eo r^nlar aa in the eaae of the Dyfb^meiOL 
e^peoleean alao mueh mora apparent, and in plaeee—aa, far InatHioa^b^A 
when the p»patati<»i ia overatalned — they>twnli^tnd,aiidnnM 
by a elear epaoe. In the middle of rv.b the oapenlee 
reiemble very large bacilli. (Frapantion by Dr. Znr Nedden.) 

Fig. V. — Bactericm Coli (from a ca»e of blcnnorrhwa neonatonun). Qnm- 
negative bacilli of varjing ehepe and tize. Quite short, and aleo long, 
bacilli are to be seen alongside of occaBionoI double forms. 

Fio. VI. — LiiHIer'a Bacilldu DiPUTHEBijt: {from a case of pscndo-tnembranoiu 
conjunctivitis). Oram-potiitive bacilli, which are often curved and have 
thicken cil ends. 

(a) Short forms predominiLte. There are also aome short chains, indicating 
a mixed infection with SlrepUicoccu» pyogenet, 

{b) Long slender forma, aome with polar staining; also a few Diph- 
bacilli. 




LAAnzTvKWiiwJfu 



ConjunctiTftl Becrationa (Oram Bt«ined). 

/. Koch-Weeks Bacilli ao<t Xerose Bacilli. U. InQoenu Bacilli. 

W. Morax-Axenfeld Bacilli. IV. FriedlendeiB pDeumobacilli. V. Bacteriam Coll. 

VI. Bacillus Dipbtfaeriae; (a) short forma, with Streptococci-, <(»( Vn\^a,^rtJa.tt\iJ*iaua*&- 



PLATE IL— CONJUNCTIVAL SECEETIONS. 

Gram's Stain. 

Fig, I. — GoNOCOCci (from a blennorrhoea neonatorum). Gram - negative (red) 
kidney-shaped Diplococci, tending to lie in the cells. 

Fig. II. — Pneumococcal Conjuncttvitis (from an acute catarrh). Gram-positiTe 
(blue) Diplococcij the most of which are elongated, some being lanoel- 
shaped, and a few rounded. The capsules are not readily seen in this stain. 

Fig. III. — Other Gram -negative (red) Diplococci (Paeudo-gonococct) (from 
slight cases of chronic conjunctivitis). Ill.a, III.c, III.^, Micrococcus 
Catarrhalis (III.c, pure culture) ; III.&, Gram negative Sarcinje. 
The Diplococci are mostly larger, but some are similar to Gonococci. 

Fig. rv. — Streptococcal Conjunctivitis (from a case of pseudo-membranoiu 
conjunctivitis). Gram-positive (blue) round cocci, in some cases showing 
chains, but also in the double form. 

Figs. V. and VI. — Staphylococci. Gram-positive (blue) cocci. 

V.a. In pns from a hordeolum. Clusters. 

V.6. Large Diplococci and tetrads, resembling Sarcince ; also xerose bacilli 
from a slight chronic conjunctivitis. 

Vl.a, Pus from the vitreous in a case of suppuration after cataract operation. 
Irregular clusters of Staphylococci, The cocci vary in size. 

VI. 6. Masses of Staphyhcocci in the secretion of a post -operative con- 
junctivitis. Double forms predominant, many showing cofifee-bean 
shape and being intracellular (Gram positive PseufJo gonococci). 
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OoDJUDCtiTal BecretioDB (Gram etaiaed). 
/. Gonococci. n, Pnenmococci. IIL "PEeudoE(mocow;\ i5j»i<M\afc,"^ftaKX, c«a5<ii^«^ 
IT. Btieptococd. V. and Vi. 8Upb3\otocc\\ Vb. ^saitvat* ■wSfla 'i.«Eai«''S»^»- 




ELATB m.— EXUDATIONS FEOM THE COBNEA. 

Gram's Staid. 

Fm/«. J, to IV. — Corneal Exudationsi. 

hs. 1. — Stneor from an dIoub serpena with PinuuoooccL Gram -positive (btne) 
Diploeooei, genendly oloaf^ted, aoma having capsules. 

Fto. II. — Smear from a iijpopyon -keratitis with Siplobaqilli (Petit). Morpho- 
logieally reumbling the Morax-Axenfeld variety. IL.b is from an agar 
onlture. Orun-aegative (red) bacilli in p^rs. 

Via. III. — Zdr Nbdden'h Gacillds of infeetlouB marginal uleer (preparation by 
Dr. Znr Nedden). Gram-negative (rod) bacilli varying in size, many being 

Fia. IV.— BAOtLLUS FroorAmuB from » wimm oaae of hypopyoo-kaaitttfa. SuaS 
Oram-negativfl (rad) l»dlli ; mull, and otten Hnuigsd in pain. IV.fi, pan. 



Figt. V. and VL—VUreoua Put. 

Fia. v.— Anaerobic Bacillus Pebfrinobhs from (raumalJc panophthalmia (by 
Dr. ChaillouB). Gram-positive (bine) bacilli, with the staining intcrmpted 

at places. 

Fia. VI. — BACiitra Sdbtilib from a panophthalmitis, dne to a splinter wound. 
Large Gram positive (blue) bacilli, sometimes forming elongated bands whioh 
are not equally stained, and cannot be distinguished from the B, perfrimgeiu 
by their shape alone. 



Plate 111. 
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ecus SuppuratioDi in tranmalic Puiopbtbalmiti 
I'. B. perfringens (Chaillous). VI. B. Bubtitix. 
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